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[57] ABSTRACT 

An apparatus and method for a data communications device 
to selectively operate in a plurality of analog and digital 
modes, including as an analog modem, as a digital modem, 
and as a terminal adapter. The embodiments provide for a 
single, integrated data communications device to be config- 
ured and also subsequently reconfigured to provide for data 
communications over a variety of networks, including pub- 
lic switched telephone networks and digital networks, 
including Tl, El and ISDN. The various embodiments also 
provide for signal simulation of the various networks, such 
that the actual coupled network is transparent to a data 
terminal transferring information through the data commu- 
nication device to the network. 
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APPARATUS AND METHOD FOR A DATA 

COMMUNICATIONS DEVICE TO 
SELECTIVELY OPERATE AS AN ANALOG 
MODEM, AS A DIGITAL MODEM, AND AS A 
TERMINAL ADAPTER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS AND PATENTS 

This application is related to Blackwell et al. U.S. patent 
application Ser. No. 08/407,749, entitled "Apparatus And 
Method For A Digital Data Communications Device To 
Operate In An Analog Mode", filed Mar. 21, 1995, and 
allowed Jun. 25, 1996; now U.S. Pat No. 5,598,401, and is 
also related to Blackwell et al. U.S. Pat No. 5,365.545, 
entitled "Modem-Channel Bank Converter", issued Nov. 15, 
1994. 

FIELD OF THE INVENTION 

This application relates to data communications devices 
for transmission and reception of data including, but not 
limited to. analog modems, digital modems, terminal 
adapters, and other analog or digital data communications 
devices. 

BACKGROUND OF THE INVENTION 

Transferring data and other information between two or 
more separate locations is an increasingly common occur- 
rence in this "Information age'*. In the 1970s and through 
much of the 1980s, a large percentage of such data transfers 
were made using analog modems, which modulate and 
demodulate digital data onto an analog carrier signal 
Modems are a type of data communications device that 
typically use analog transmission media, such as telephone 
lines. 

Modems are classified as low-speed, medium-speed, and 
high-speed modems. The low-speed modems transfer data at 
rates between 300 bps (bits per second) and 1200 bps, with 
medium-speed modems operating at rates in the 2400-4800 
bps range, and with high-speed modems having rates greater 
than 4800 bps. An analog modem is a data communication 
device which modulates data and transmits the modulated 
data as an analog signal, and also receives modulated data as 
an analog signal and demodulates the received data. Most 
analog modems receive and transmit the modulated data as 
an analog signal over one twisted pair of wires, coupled to 
the Public Switched Telephone Network ("PSTN") through 
an analog interface circuit. Currently, the fastest high-speed 
analog modems operate at data transfer rates of approxi- 
mately 30,000 bps, which some telecommunications engi- 
neers consider to be near a theoretical limit of transmission 
rates over most analog telephone lines. 

A variety of desirable applications, however, such as 
downloading data files from and transmitting documents to 
various networks, may require higher speeds of data trans- 
mission than is currently practicable, affordable, or available 
over most analog telephone lines. Accordingly, many tele- 
communication providers have begun to offer and to imple- 
ment various digital transmission services such as, for 
example, switched digital services, Tl services, El services, 
and Integrated Services Digital Networks ("ISDN"). Many 
typical digital connections use two such 41 twisted pairs" of 
wires, one for transmission and the other for reception, 
coupled to a digital network through a digital interface 
circuit. A typical Tl connection has a data rate of 1.544 
Mbps (megabits per second), which is further time division 
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multiplexed ('TDM") into digital (not analog) transmission 
channels. The Tl connection comprises 24 channels, with 
each channel referred to as a DS0 having a data rate of 
64.000 bps. ISDN systems typically. comprise two 64 Kbps 

5 "B" channels (for voice and data transmission) and one 16 
Kbps "D w channel (for signalling information and low speed 
packet data). Specifications and standards for ISDN, Tl, and 
El services are described in numerous CCITT 
Recommendations, such as Recommendation G (for Tl, 

1Q El), and Recommendation I (for ISDN). Other discussions 
of analog and digital telecommunications services may be 
found in a wide variety of references, such as R. Freeman, 
Reference Manual for Telecommunication Engineers, John 
Wiley & Sons, 1985. 

13 Digital modems and terminal adapters have typically been 
used to transfer data over such digital lines. Digital modems 
typically further encode the modulated analog signal from a 
modem, using digital encoding schemes such as pulse code 
modulation ("PCM"), to transfer the analog signal over a 

20 digital line. Such digital modems would typically be used 
when the other (or remote) modem receiving the data is 
coupled to an analog line and, therefore, cannot receive the 
purely digital data which could be communicated over a 
digital line. Terminal adapters are a type of data communi- 

25 cation device designed to transmit and receive digitally 
encoded data directly from a digital network, without inter- 
vening modulation of data onto an analog carrier signal or 
demodulation of an analog carrier signal into digital data. 
Separate data communication devices such as analog 

30 modems, digital modems, and terminal adapters, are avail- 
able and known in the art of modem telecommunications. 
Each such device, however, is typically incompatible for use 
in another format or mode, as data communications devices 
have evolved to be either digital or analog, but not both. For 

35 example, in the prior art, an analog modem cannot be used 
to transmit data on a digital network. Correspondingly, in the 
prior art, neither a digital modem nor a terminal adapter 
could be used to transmit data on an analog transmission 
line. 

40 As modern telecommunications transitions to digital 
formats, existing analog modems ultimately may be ren- 
dered obsolete, with a concomitant loss of investment by 
users in their analog equipment and other technology. In 
areas where digital network services have become both 

45 available and cost-effective to employ, those users that have 
transferred to digital services may nonetheless need to 
communicate with analog networks, and vice-versa. For 
example, many corporations may employ digital networks 
for internal communications, while continuing to need ana- 

50 log services for external cornmunications, for example, to 
allow an employee to log in and enter the system from a 
remote location over the PSTN. In addition, many current 
analog system users continue to require analog transmission 
devices, but may want to plan for the future by investing in 

55 data cornmunications equipment which will be compatible 
with both current analog and future digital transmission 
schemes. 

Current solutions to this compatibility problem have been 
to essentially build separate analog and digital devices, 

60 which may then be incorporated into a single housing. For 
example, Motorola has manufactured various hybrid 
devices, such as the HMTA200, which combines a terminal 
adapter with digital modem functions. Other manufacturers, 
such as US Robotics, have simply built physically separate 

65 "cards** which separately perform these incompatible digital 
and analog functions and which separately connect to digital 
or analog interfaces. 
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Cuirent solutions to the analog and digital incompatibility verted to a digital signal for transmission within the network, 

problem have been inadequate, however, because such cur- and reconverted to an analog modem signal for transmission 

rent solutions have simply physically combined otherwise over the analog lines 110 and 120. The remote analog 

separate sets of analog and digital hardware, into one modem 106 demodulates the received analog modem signal 

package having both analog and digital interfaces, often 5 and transmits the demodulated data to the remote terminal 

with redundant hardware such as microprocessors. RAM over ^ e I 60 - Information from the remote analog modem 

and ROM. The need has arisen, therefore, for a singly 106 rnay also be transrmtted to me local analog modem 102 

integrated data communications device which will provide using the same method operating in the opposite or reverse 

complete analog and digital data transmission services, direction. 

heretofore provided by separate, independent, and incom- io FIG. 2 is a block diagram which illustrates a prior art use 

patible devices. of a digital modem for data transfer. As shown in FIG. 2, a 

local terminal 100. such as computer, is coupled to a local' 

BRIEF DESCRIPTION OF THE DRAWINGS digital modem 222 via transmit line 250 and receive line 

. , . t. u n * - 251. Such transmit and receive lines 250 and 251, for 

FIG. 1 is a block ^^^mmm a pnor art use be part of a digital modem interface (and 

of an analog modem for data transfer. ^ com ^ a ^ t0 ^ ^ rs 232 interface, also 

FIG. 2 is a block diagram which illustrates a prior art use typically employed to couple a computer to a digital modem, 

of a digital modem for data transfer to an analog modem. The digital modem 222 is coupled via digital transmit 

FIG. 3 is a block diagram which illustrates a prior art use line 260 and digital receive line 261 to a digital network 228, 

of a terminal adapter for data transfer within digital net- 20 which is further coupled to the PSTN 126. The digital 

works. transmit and receive lines 260 and 261 may be standard 

FIG. 4 is a block diagram which illustrates a preferred digital lines, such as Tl. El, or ISDN lines, which transmit 

embodiment of the present invention. a digital signal. Also as shown in FIG. 2, remote terminal 

HG 5 is a block diagram which illustrates the digital 106 > whic h may also be a computer, is coupled to a remote 

switching mechanisms of the processor of the preferred 25 analog modem 104 via transmit line 161 and receive line 

embodiment of the present invention. 160 As * ^ ^ ^ remote modem * w * <*> u P led 

. . u- u n - . *w a- % 1 via line 120 to the PSTN 126 and line 120 may also be a 

FIG 6 is a block diagram which illustrates the digit* ne ' ^ 

multiplexing of the processor of the preferred embodiment localtenninal foo and local digital modem 222 are arranged 

of the present invention. ^ tQ ^ ^ ^ Qthcr information signals, between 

FIG. 7 is a flow chart which illustrates the method of the a remote terminal 106 having a remo te modem 104, over the 

preferred embodiment of the present invention. digital network 228 and the PSTN 126. Data, including 

FIG. 8 is a block diagram which illustrates a second information and command signals, are transferred between 

embodiment of the present invention. the terminals and their respective modems over the various 

FIG. 9 is a block diagram which illustrates a third 35 transmit and receive lines 250, 251, 160, and 161. Informa- 

embodiment of the present invention. tion from the local terminal 100 is first processed by the 

local digital modem 222 to form a modulated analog signal, 

DESCRIPTION OF THE PREFERRED which is mea ^trier encoded (for example, using a pulse 

EMBODIMENT C0( j c modulation (PCM) scheme having either a mu-law or 

FIG. 1 is a block diagram which illustrates a prior art use 40 an A-law compandor) to form a digital signal transmitted to 

of an analog modem for data transfer. As shown in FIG. 1, the digital network 228 and further transmitted to the PSTN 

a local terminal 100. such as a computer, is coupled to a local 126. The PSTN reconverts the digital signal to a modulated 

analog modem 102 via transmit line 150 and receive line analog signal, which is then transferred to the remote 

151. Such transmit and receive lines 150 and 151, for modem 106 by the PSTN as an analog signal over line 120. 

example, may be part of an RS 232 interface (and cable) 45 The remote modem 106 demodulates the received modu- 

typically employed to couple a computer to a modem. The lated analog signal and transmits the demodulated data to the 

local analog modem 102 is coupled via line 110 to the PSTN remote terminal over line 160. Information from the remote 

126. The line 110 may be a standard (twisted pair) telephone modem 106 may also be transmitted to the local digital 

line which transmits an analog signal. A remote terminal modem 222 using the same method operating in the opposite 

106, which may also be a computer, is coupled to a remote 50 or reverse direction. 

analog modem 104 via transmit line 161 and receive line FIG. 3 is a block diagram which illustrates the prior art 

160. The remote analog modem 104 is coupled via line 120 use of a terminal adapter to transmit data over local and 

to the PSTN 126. Line 120, like line 110. may also be a remote digital networks. As shown in FIG. 3, a local 

standard telephone line. As indicated in FIG. 1. the local terminal 100, such as computer, is coupled to a local 

terminal 100 and local analog modem 102 are arranged to 55 terminal adapter 223 via transmit line 251 and receive line 

transfer data, information and other signals, between a 256. Such transmit and receive lines 255 and 256, for 

remote terminal 106 having a remote analog modem 104, example, may be part of a terminal adapter interface (and 

over the PSTN 126. Data, including information and com- cable), comparable to an analog RS 232 interface, also 

mand signals, are transferred between the terminals and their typically employed to couple a computer to a terminal 

respective analog modems over the various respective trans- 60 adapter. The local terrninal adapter 223 is coupled via digital 

mit and receive lines 150, 151, 160, and 161. Information transmit line 260 and digital receive line 261 to a digital 

from the terrninal 100 is modulated and otherwise processed network 228, which is further coupled to the PSTN 126. As 

by the local analog modem 102 to form an analog modem in FIG. 2. the digital transmit and receive lines 260 and 261 

signal transmitted to the PSTN 126 over line 110. The analog may be standard digital lines, such as Tl, El, or ISDN, 

modem signal is then transferred to the remote analog 65 which transmit a digital signal As shown in FIG. 3, remote 

modem 106 by the PSTN as an analog signal over line 120. terminal 106. which may also be a computer, is coupled to 

Within the PSTN, the analog modem signal may be con- a remote terminal adapter via transmit line 281 and receive 
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line 280. The terminal adapter 272 is coupled via transmit signals) entered through the user interface 301, to operate in 

line 271 and receive line 270 to the remote digital network various digital operating modes, such operating as a digital 

265. The local digital network 228 is coupled to the remote modem or operating as a terminal adapter, 

digital network 265 via the PSTN 126. As indicated in FIG. The user interface 301 may have many types of embodi- 

3, the local terminal 100 and local terminal adapter 223 are 5 ments. For example, the user interface may be a dedicated 

arranged to transfer data and other information and signals, personal computer and, in that event, may be incorporated 

between a remote terminal 106 having a remote terminal within the terminal 100. In other embodiments, the data 

adapter 272, over their respective digital networks 228 and communication device 300 may be one of many devices 

265, through the PSTN 126. Not shown in FIG. 3, the local coupled to a network and may have an overall system 

and remote terminal adapters may also be coupled to the 10 controller, such as a Motorola DAS 925 with a system 

same digital network, without an intervening PSTN. Data, manager, described in detail in the pending U.S. patent 

including information and command signals, are transferred application Ser. No. 08/285,260, entitled "Advanced Com- 

between the terminals and their respective terminal adapters munication System Architecture", filed Aug. 3, 1994, and 

over the various transmit and receive lines 255, 256, 280, incorporated by reference herein. In that case, the user 

and 281. Information from the local terminal is formatted or 15 interface 301 may be incorporated within the overall system 

processed to form a digital signal such as, for example, a controller, which could be used to simultaneously configure 

DSO format digital signal, which is then transmitted to the all of the data communication devices 300 for the desired 

digital network 228, which may be further transmitted to the operating mode to appropriately match the installed PSTN 

PSTN 126. The remote digital network 265 receives the or digital network. 

digital signal from the PSTN 126, and transmits the digital 20 As shown in FIG. 4, the controller 304 is coupleable to the 
signal to the remote terminal adapter 272. Not shown in FIG. terminal 100 through transmit data line 303 and receive data 
3, the remote terminal adapter may also be arranged to line 302. The transmit and receive data lines 303 and 302 
receive the digital signal directly from the local digital may be incorporated within any appropriate interface and 
network 228. The remote terminal adapter decodes the enabling arrangement The controller 304, which may be a 
received digital signal and transmits the decoded data to the 25 Motorola 68302 microcontroller, is coupled via data bus 305 
remote terminal over line 280. Information from the remote to a data pump 308, which may be a Motorola 56002 general 
terminal 106 may also be transmitted to the local terminal digital signal processor programmed as a data pump. The 
100 using the same method operating in the opposite or data pump 308 receives data, command signals and other 
reverse direction. information from the controller 304, and the data pump 308 
FIG. 4 is a block diagram illustrating the preferred 30 then generates a sampled data signal The data pump 308 is 
embodiment of the present invention. As discussed in also coupled via bus 350 to a first codec ("coder-decoder") 
greater detail below, the data communication device of the 310. A coder-decoder is known as and referred to in the 
preferred embodiment may be selectively configured by the cortmninications field as a "codec" , and shall also be referred 
user to operate in any one of a plurality of modes, namely, to herein as a "codec". The first codec 310 is preferably a 
as an analog modem, as a digital modem, or as a terminal 35 linear codec, and receives the sampled data signal from the 
adapter. In addition, after a first operating mode is selected, data pump, typically at a sampling rate of 9600 samples per 
the data communication device of the preferred embodiment second, and then generates a modulated analog signal from 
may be reconfigured by the user to operate in a second, third the sampled data signal The first or linear codec 310 is also 
or otherwise different operating mode. As shown in FIG. 4, known and may be implemented as an analog-to-digital 
a data communication device 300 is coupleable to a terminal 40 (ND) converter and digital-to-analog (D/A) converter. The 
100 to transmit and receive data over the PSTN 126, when modulated analog signal from the linear codec 310 is 
coupled to the PSTN through an analog interface circuit 314 transmitted via line or bus 352 to the first switch 312. In the 
(also known as a data access arrangement or "DAA"), and preferred embodiment, the first switch 312 is an analog 
to transmit and receive data over the digital network 228, switch, and may be implemented in any number of forms, 
when coupled to the digital network 228 through a digital 45 such as a solid state or mechanical relay, or as a discrete 
interface circuit 318. As used herein, "digital network" or transistor or integrated circuit arrangement (e.g., CMOS, 
"digital communications network" shall also include digital BJT). The first switch 312 may also include a plurality of 
connections or interfaces to the central office of the public otherwise separate switching mechanisms, for example, to 
switched network, including through Tl or El interfaces, in correspond to each separate data path of the data busses. The 
addition to digital networks such as ISDN. The user of the 50 switch 312, in turn, in response to a control signal trans- 
data communications device 300 may select the type of nutted via line 326, may route the modulated analog signal 
operating mode (as an analog modem, as a digital modem, from the linear codec 310 to a first interface circuit, shown 
or as a terminal adapter), through a plurality of user com- in FIG. 4 as the analog interface circuit 314, via bus 354, or 
mand signals entered via the user interface 301 coupled to may route the modulated analog signal to the second codec 
the processor 370, The user may initially select a particular 55 316, shown in FIG. 4 as a preferably a nonlinear PCM (pulse 
operating mode, and may subsequently change or revise the code modulation) codec 316, via bus 356. 
operating mode. For example, a user may initially couple the Continuing to refer to FIG. 4, the processor 370 consists 
data coinmunication device 300 to a first communications of a microprocessor, such as an Intel 8032, and digital 
network such as the PSTN 126, and correspondingly select switching circuits, such as a digital multiplexer ("MUX**), to 
the operating mode of the device to be as an analog modem, 60 form a programmable distributed switching mechanism. The 
through user command signals entered through the user processor 370 provides a control signal to the first switch 
interface 301. Subsequently, the user may have capability to 312 via line 326. In the preferred embodiment, the control 
access a second communications network, such as a Tl, signal has first and second values, such as a high voltage (a 
ISDN or other digital networking interface or capability logic one (1)), and a low voltage (a logic zero (0)). The 
installed at the user facility. The user may then reconfigure 65 switch 312, in response to the control signal having the first 
the data communication device 300. through other user value, such as a high voltage, transmits the modulated 
command signals (from the plurality of user command analog signal from the linear codec 310 to the first (analog) 
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interface circuit 314 via bus 354, and in response to the operating modes, including a first operating mode and a 
control signal having the second value, such as a low second operating mode, the data communications device 
voltage, transmits the modulated analog signal to the non- coupleable to a terminal and to at least one of a plurality of 
linear PCM codec (or "PCM codec") 316 via bus 356. communications networks for transferring data between the 
Alternatively, the control signal having two values may also 5 terminal and one of the plurality of communications 
be considered to be two signals and. in that event, may be networks, including a first communications network and a 
considered first and second control signals. From the analog second communications network, the data communications 
interface circuit 314, the modulated analog signal may then device comprising: a controller; a data pump coupled to the 
be transmitted via line 306 through the first communications controller; a first codec coupled to the data pump; a second 
network shown in FIG. 4 as PSTN 126, and in this mode, the 1Q codec; a first interface circuit coupleable to the first corn- 
data communications device 300 is operating in a first mode munications network; a second interface circuit coupleable 
as an analog modem. The first interface circuit such as the to the second communications network; a first switch 
analog interface circuit 314 would also typically provide a coupled to the first codec, to the second codec and to the first 
variety of functions, such as power level setting, impedance interface circuit; and a processor coupled to the controller, to 
matching, and may include hybrid circuitry to transfer 15 mc second codec, to the first interface circuit, to the second 
information from two sets of twisted pair transmission lines interface circuit, and to the first switch, the processor 
to one pair of transmission lines. responsive to at least one of a plurality of command signals 

The processor 370 is further coupled to the second (PCM) to selectively configure the data communications device for 

codec 316 via bus 358, to the analog interface circuit 314 via operation in the first operating mode for communications 

bus 364. to the controller 304 via bus 366, and to the digital ^ through the first communications network and for operation 

interface circuit 318 via bus 362. In response to the control in the second operating mode for communications through 

signal from the processor 370 having the second value, such the second communications network. The various first and 

as a low voltage the switch 312 transmits the modulated second codecs may be linear or non-linear, and in the 

analog signal to the second (PCM) code 316. The second preferred embodiment, the first codec is a linear codec and 

(PCM) code 316 digitally encodes the modulated analog ^ the second codec is a non-linear PCM codec, having a 

signal using a pulse code modulation scheme to provide a mu-iaw or an A-law compandor. The first and second 

digital modem signal and. in this second operating mode, the communications networks may be a PSTN, Tl, El, ISDN, 

data communication device is operating as a digital modem or any other analog or digital communications networks. 

The PCM codec 316 transmits the digital modem signal to Accordingly, FIG. 4 also illustrates a data communica- 

the processor 370. which routes or transmits the the digital 30 ti 0 ns device wherein the first communications network is a 

modem signal to the second interface circuit, shown in FIG. public switched telephone network, the second communi- 

4 as digital interface circuit 318, via bus 362. The second or cations network is a digital communications network, the 

digital interface circuit 318 is coupleable to a second com- first interface circuit is an analog interface circuit, the second 

munications network, shown in FIG. 4 as digital network interface circuit is a digital interface circuit; and wherein the 

228, and processes the digital modem signal for transmis- 35 processor is responsive to a first command signal of the 

sion over the second (digital) network. For example, the plurality of command signals to produce a first control signal 

digital interface circuit may . act as a time division multi- to the first switch to selectively couple the first codec to the 

plexer to place the digital modem signal, having a DSO analog interface circuit and to couple the first codec to the 

format, in the appropriate digital channel or time slot. second codec, whereby the data communications device is 

The processor 370 also receives from and transmits to the 40 configured in an analog modem operating mode when the 

controller 304, via bus 366, various data signals and control first codec is coupled to the analog interface circuit, and 

signals. In the event the data communication device 300 is whereby the data communications device is configured in a 

to be operable in a third operating mode, as a terminal digital modem operating mode when the first codec is 

adapter, as determined by one of the plurality of user coupled to the second codec. FIG. 4 further illustrates a data 

command signals from the user interface, 301 the processor 45 communications device wherein the processor is further 

370 transmits a processor command signal to the controller responsive to a second command signal of the plurality of 

304 via bus 366. In the third or terminal adapter mode, the command signals to produce a second control signal to the 

controller 304 processes digital information received from controller whereby the data comrnurrications device is con- 

the terminal to form a digital information signal, and trans- figured in a terminal adapter mode for the processor to 

raits the digital information signal to the processor 370 via 50 transfer data through the digital interface circuit to the 

bus 366. The processor 370, in turn, routes or transmits the digital communications network. Also as shown in FIG. 4, 

digital information signal via bus 362 to the digital interface the data communications device may further comprise an 

circuit 318 for transmission over the digital network 228. input port coupled to the processor and coupleable to a user 

The digital interface circuit 318 also processes the digital interface for entry of at least one of the plurality of command 

information signal for transmis sion over the digital network, 55 signals. 

in a manner identical to the processing of a digital modem pIG. 5 is a block diagram which illustrates the distributed 

signal discussed above. switching mechanism of the processor 370 in the preferred 

While the preferred embodiment of the present invention embodiment of the present invention. In the preferred 

illustrated in FIG. 4 has been described in detail with regard embodiment, the typical "analog modem aspects" of the data 

to information transmission, it will be understood by those 60 communication device 300, namely, the controller 304 and 

skilled in the art that a similar analysis applies with regard the data pump 308, do not require any separate information 

to information reception. Accordingly, such data or infor- or prograrmning concerning the type of network with which 

mation transmission and reception are generally referred to the data communication device 300 will be communicating, 

as data or information transfer to accomodate the bidirec- For example, these "analog modem aspects" do not need to 

tional flow of data. 65 be programmed to recognize or otherwise "know" if the 

In summary. FIG. 4 illustrates a data communications device will be coupled to a PSTN or a digital network. In the 

device selectively operable in at least one of a plurality of preferred embodiment, as shown in FIG. 5, this is accom- 
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plished through the processor 370, which includes distrib- FIG. 7 is a software flow diagram which illustrates the 

uted switching circuits 374 and digital multiplexers 375 multiple configuration and data transfer method of the 

comprising a distributed switching mechanism, such that preferred embodiment of the present invention. APPENDIX 

predetermined signalling and notification information trans- A illustrates a source code program for implementation of 

raitted to and from the network (via bus 362 and bus 364) arc 5 the switching and simulation aspects of the preferred 

either transmitted (switched through) to and from the con- embodiment of the present invention. Referring to FIG. 7, 

trolier 304, or are simulated by the processor 370, and the the method begins at start step 700, and the terminal sends 

simulated signalling information is then transmitted data to the controller, step 710. The processor determines 

(switched through) to and from the controller 304. The whether an analog modem or digital modem connection is 

predetermined signalling information (or plurality of infor- 1Q requested, step 720. If a modem connection is not requested, 

mation signals) would typically include, for the analog the data communication device proceeds in terminal adapter 

mode, the ring signal to the controller via line 380, line mode and converts the data from the terminal 100 to a 

current to the controller via line 381, the off hook signal terminal adapter mode format step 790. The data commu- 

firom the controller via line 382. and the loop bits (or loop nication device 300 then establishes a connection to the 

signal) from the controller via line 383, and for the digital digital network, step 792, and transmits data to (and from) 

mode, signalling bits such as the A and B signalling bits 15 the remote terminal adapter over the digital network, step 

(and, for other formats, also C and D signalling bits) on bus 794. 

362. The off hook and the ring signals are also known as Continuing to refer to FIG. 7, if a modem connection is 

notification signals and, as used herein, are referred to requested in step 720, the data from the terminal is converted 

collectively with the other signals as signalling information to a sampled analog signal, step 730, and the sampled analog 

or as information signals. Lines 380, 381, 382, and 383 may 20 signal is converted to an analog modem signal, step 740. The 

also be part of the bus 366 coupling the controller 304 and processor then determines whether a PSTN connection is 

the processor 370, and are shown as separate lines in FIG. requested, step 750. If a PSTN connection is requested, a 

5 (and in FIG. 6) for ease of reference purposes only. connection is established with a remote modem via the 

FIG. 6 is a block diagram illustrating in greater detail the PSTN, step 760, and the analog modem signal is transmitted 
digital multiplexers ("MUX") 375 of the processor 370. Hie 25 to received from) the remote modem, step 762. If a PSTN 
multiplexers 375 are controlled by a MUX control signal on connection is not requested in step 750, the analog modem 
line 392 from other parts of the processor 370, as configured signal is converted to a digital modem signal, step 770. The 
by the plurality of user command signals discussed above. data communications device then establishes a connection to 
As shown in FIG. 6, the ring signal to the controller 304 on the remote modem over the digital network (and the PSTN), 
line 380 may be transmitted directly from the analog inter- 30 ste P 772 > and transfers data to and from the remote modem 
face circuit 314 on line 384 or may be simulated by the over the digital network and the PSTN, step 774. 
processor and transmitted on line 385, in response to cor- In summary, FIG. 7 illustrates a method of selectively 
responding or equivalent digital signalling information from operating a data communications device in at least one of a 
the oagital interface circuit 318. The line current on line 381 plurality of operating modes, including a first operating 
also may be transmitted directly from the analog interface 35 mode and a second operating mode, the data communica- 
circuit 314 on line 386 or may be simulated by the processor tions device coupleable to a terminal and to at least one of 
and transmitted on line 387, also in response to correspond- a plurality of communications networks for transferring data 
ing digital signalling information from the digital interface between the terrninal and one of the plurality of cornmuni- 
circuit 318. The off hook signal from the controller (to cations networks, including a digital communications net- 
initiate or place a call) on line 382 may be transmitted 40 work and an analog communications network, the method 
directly to the analog interface circuit 314 on line 388 or comprising: (a) receiving data from the terminal; (b) select- 
may be simulated by the processor (which generates the ing an operating mode, which may further include entering 
appropriate signalling bits), and transmitted on line 389 to at least one of a plurality of user command signals; (c) 
the digital interface circuit 318. Similarly, the loop bits from converting the received data to terminal adapter format data 
the controller (for diagnostic or '^training" purposes) on line 45 when the terminal adapter operating mode has been selected 
383 also may be transmitted directly to the analog interface and transferring the terminal adapter format data to or from 
circuit 314 on line 390 or may be transmitted on line 391 to the digital network; (d) modulating the received data to form 
other parts of the processor (which performs the appropriate an analog modem signal when the modem operating mode 
software loops based upon the loop bits). The digital inter- has been selected; (e) routing the analog modem signal to the 
face signalling bits, such as the A and B signalling bits, may 50 analog network when a analog modem operating mode has 
vary depending upon the actual signalling scheme employed been selected; and (f) digitally encoding the analog modem 
in the particular network, such as LOOP, GROUND, signal and routing the digitally encoded analog modem 
TRUNK, TRUNK with WINK, FEATURE GROUP B , and signal to the digital network when a digital modem operating 
FEATURE GROUP D. These various modes are user select- mode has been selected. Steps (e) and (f) above may also 
able (or programmable) through the plurality of user com- 55 further comprise: providing a control signal to selectively 
mand signals entered via the user interface 301. engage the analog communication network or the digital 

In summary, FIG. 5 and FIG. 6 further illustrate a data communication network, 

communications device wherein the processor, in response I& addition, as illustrated in FIGS. 4-7, the method of 

to digital signalling information from a digital network, operating a data communications device of the present 

provides corresponding simulated analog signalling infor- 60 invention further comprises: (g) responding to analog and 

mation to the controller; and wherein the processor, in digital signalling information. This step, in turn, may further 

response to analog signalling information from the include: (gl) simulating analog signalling information from 

controller, provides corresponding simulated digital signal- received predetermined digital signalling information; and 

ling information to a digital network. In addition, the analog (g2) simulating digital signalling information for transmis- 

signalling information may comprise a ring signal line 65 slon from r^edetermined analog signalling information, 

current, off hook, and loop bits, and the digital signalling FIG. 8 is a block diagram which illustrates a second 

information may comprise A and B bits. embodiment of the present invention. As shown in FIG. 8, 
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the terminal 100 is couplcablc to the data communications circuit coupled to the linear codec and coupleable to the 
device 400 via transmit line 4S0 and receive line. These public switched telephone network; a digital interface circuit 
transmit and receive lines 450 and are coupled to an analog coupleable to the digital communication network; a control- 
modem 420, which transmits and receives an analog modem la coupled to the data pump and to the digital interface 
signal over bus 422. Bus 422 is coupled to a switch 412. In 5 circuit, the controller selectively providing a first control 
response to a control signal via line 415, the switch 412 may signal to the data pump to selectively operate the data pump 
route the analog modem signal to the analog interface circuit in an analog mode and engage the linear codec and the 
314 via bus 414. for transmission over the PSTN 126. Also analog interface circuit, the controller further selectively 
in response to a control signal via line 415, the switch 412 providing a second control signal to the data pump to 
may route the analog modem signal via bus 416 to the PCM 10 selectively operate the data pump in a digital mode and to 
codec 408. The PCM codec 408 converts the analog modem engage the digital interface circuit, whereby the data corn- 
signal to a digital modem signal transmitted to the digital munication device is operable as an analog modem when the 
interface circuit 318 via bus 418, for transmission over the data pump is in the analog mode, whereby the data corn- 
digital network 228. munication device is operable as a digital modem when the 
In summary. FIG. 8 illustrates a data communications 15 ^ PU^P is itt mc mode ' and whereby the data 
device selectively operable in an analog modem mode and communication device is operable as a terminal adapter 
in a digital modem mode, the data communication device when the data pump is not in either the analog mode or in 
coupleable to a terminal, and coupleable to a public switched to e digital mode. 

telephone network or to a digital communication network. As is evident from the various ernrxidiments of the present 
the data communication device comprising: an analog 2 o i nvcnt *on discussed above, the data communication device 
modem coupleable to the terminal; a PCM codec; an analog disclosed herein constitutes a single, integrated device 
interface circuit coupleable to the public switched telephone which is capable of configuring and reconfiguring for opera- 
network; a digital interface circuit coupled to the PCM tion in a variety of modes, such as operating as an analog 
codec and coupleable to the digital communication network; modem, as a digital modem, and as a terrninal adapter, and 
and a switch coupled to the analog modem, to the PCM 2 $ IS rtoner capable of communicating data over a variety of 
codec and to the analog interface circuit, the switch respon- types of otherwise incompatible analog and digital net- 
sive to a control signal to selectively couple the analog works. As mentioned above, the prior art essentially required 
modem to the analog interface circuit and to couple the separate and independent devices or other hardware to 
analog modem to the PCM codec, whereby the data com- provide for data communication over these various net- 
munication device is operable in the analog modem mode 30 works. 

when the analog modem is coupled to the analog interface The novel data communication device of the present 

circuit, and whereby the data communication device is invention is the first such device to be convertable, 

operable in the digital modem mode when the analog reconfigurable, or "upgradeable** to meet the potentially 

modem is coupled to the PCM codec. changing requirements of the user. In addition, the data 

FIG. 9 is a block diagram which illustrates a third 35 communication device may be converted or reconfigured to 
embodiment of the present invention. The terminal 100 is a different mode of operation without any hardware 
coupleable to the data communications device 500, also via conversion, addition, or substitution, providing yet addi- 
transmit and receive lines 550, and 551. Transmit and tional advantages. First, the data communication device may 
receive line 550 and 551 are coupled to a controller 504. The be configured or reconfigured remotely, through the user 
controller 504 is coupled to data pump 508 via bus 505, and 40 interface, which may have its own network capabilities, 
to the digital interface circuit 518 via bus 560. The data Accordingly, an installer or other service personnel may 
pump 508 contains a PCM codec interpolator, as described configure and/or reconfigure the data communication device 
and claimed in U.S. Pat. No. 5365*545, issued Nov. 15, from a remote location, for example, from a maniifacturing 
1994. entitled 4 "Modem — Channel Bank Converter", incor- facility located across the country, 
porated by reference herein. Among other things, the PCM 45 Second, the data communication device hardware is con- 
codec interpolator may convert sampled analog data, vertable and upgradeable, such that a user's current invest- 
sampled at a rate of 9600 samples per second, to sampled raent in data communications equipment may be preserved 
digital data, sampled at a rate of 8000 samples per second. notwithstanding network changes. For example, a user's 
In response to a control signal, which may be transmitted current needs may indicate continued use of a PSTN for data 
from the terminal 100 through the controller 504, generated 50 networking. The data communications device of the present 
by the controller 504 or otherwise provided by the controller invention would provide for the user to currently connect its 
504. the data pump 508 may generate a sampled analog data data communications equipment through the PSTN, while 
signal transmitted to the linear codec 512 via bus 510, or simultaneously providing for future connection to digital 
may generate a digital modem signal transmitted to the networks through the same hardware, preserving the user's 
digital interface circuit 518 via bus 558. The linear codec 55 current equipment investment while providing for upgrade- 
512 converts the sampled analog data signal to an analog ability in the future. When this upgradable data communi- 
modem signal, which is then transmitted to the analog cation device according to the present invention is used in a 
interface circuit 514 for transmission over the PSTN. The digital or an analog network system, it is possible to make 
digital interface circuit 518 processes the digital modem a heretofore unavailable effortless transition between the 
signal for transmission over the digital network. 60 analog network and the digital network. 

In summary, FIG. 9 illustrates a data communications Third, because the data communications device disclosed 

device selectively operable as an analog modem, as a digital herein is capable of combining three separate devices into 

modem, and as a terminal adapter, coupleable to a public one integrated, fully functioning device, the data commu- 

switched telephone network and to a digital communication nications device disclosed herein provides for power 

network, the data coramu nications device comprising: a data 65 conservation, as fewer devices are required, and 

pump, the data pump having a PCM codec interpolator; a accordingly, fewer devices are required to be powered at any 

linear codec coupled to the data pump; an analog interface given time. In addition, because the single, integrated data 
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communications device disclosed herein performs the func- 
tions of three heretofore separate devices, the data commu- 
nications device of the present invention significantly 
reduces the number of devices required at a network instal- 
lation and may significantly reduce the housing and other 5 
space requirements of the network facility. 

From the foregoing, it will be observed that numerous 
variations and modifications may be effected without depart- 
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ing from the spirit and scope of the novel concept of the 
invention. It is to be understood that no limitation with 
respect to the specific methods and apparatus illustrated 
herein is intended or should be inferred. It is, of course, 
intended to cover by the appended claims all such modifi- 
cations as fall within the scope of the claims. The invention 
is further defined by the following claims. 
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-1.V97IM0K) 10:3? SOTOQOLA ISG IPO TEUSD8 359 ?08h P. 00 

srb 

Program modified 2/10/95 to fit OHM 
#prtgma SB OTT5) NOIV DB CD PU60) 



/• Filename: SIGNAL.C -/ 

/■ V 

/♦ Description: This nte contains the signaling routine for each */ 

/• modem. */ 

/* •/ 

/* Programmer Tim Pearson *y 
/* ♦/ 
/• •/ 

/• COPYRJGHT: Copyright 1 994, 1995 by Motorola/ISG TYannnJKion Products ♦/ 
/• All righla reserved. •/ 

/• m f 



Mnclude "*fu^h" 
^include <3DtnnsJi> 
Wnclooc cat)«cc.h> 
#ioc!ade -rnxSLh" 
fiodudc "LVWDEF.H" 



Sign*ffh^ Mod***' 



fkkAne SIGNAJL.RB ANK 3 

8bI:BSIG = ACC*2; 
ibiLA$IG«ACC*0; 



Wcfinc RING_TOGQLE 6 r 8*3=24 ms - ring period is 4B ms (21 hz) 
#definc JUNO_ON_TIME 82 /* 2 second (fl2 » 24 me) V 
#dcfine RINO_OFF_TTME 164 /* 4 second (164 • 24 ms) */ 

>• #definc deyjdx 0 /• hordcode to device #1 •/ 

bit flag_$it.a t rint_oq_f]»g - »; 

uchir da c ou n t_*i (_«. u mer_j ji ngj imcr_a,ri n g_oa_time_a; 
bit fla£_sig_b,rin£_oaJlag_b; 

uchar data couoL»ig_b,Unier.sia.bjingJJmer_b,rine-<wv_iin»c„b; 

extern xdota Modem DovjcesQ; /* amy of structures or devices of type modem */ 



enuro UunJ^signaling^uie { 
TJDLE, 
T_OFF_HOOJC 
T.WINK, 
TJ3ELAY. 
T^ALERTl, 
T^LERT2, 
T.ALERT3. 
T_ON JJNE. 
TJUKG.UP, 
T.DISCONKECT 

bilring_en«bIe_Q,on^hook_a,prcv_on_boolt_a,line_currenLa; 
UChoi data «_abI2).i2_3b(2|,va]id_rab[2]; 
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UChar data cinrcm - rab_a.rab_cocnC-aiAmk_9t{itc 
bitrin^enohlc_b,oiuJu»X.b,prcv - .oriJiooJ^.b,line.cuncni_b; 
UCfaar data curmi i_rab_b,mb_counOriAink_sta ic_b ; 
UChordaU busy_out[Z].wasJeo»cd[2J; 
UChar data dcv_itU; 

extern bit DEVA_LALJ«VB J^,DEV/^cm^EVB^OH.Kupcr Jramc; 

2/10/95 fit */ 
/"«(em idua rfevice_jT£S ID{4h*/ 
/♦&£&&*/ 

cx\cm UCbar DEVICE^AB.CTRU.COPY; 

bii inconjing_cilLl ( iDcoming_calL2; 

void aignaJJsrO intemjpi 3 using STGNALJRB ANK 
i 

void nBtu$_check_ft(vaid); 

void slaUis_chEct.Wvoid); 

void tninfcjignftlinE^fltvoid); 

void doJoop_signaliTig_a(void); 

void niruiimcre_«(vaid); 

uchar h*ju)le_diiLdgnaUTigj>(void); 

void Innble_te4&e.sl£naling_0(vo)d); 

void tnink M sigoaJin£_b(vaid); 

void do_1oop_cipulin£_b(void); 

void cufi_tizDeis_b(voJd); 

ucbar baixilJc„dinl_» ignaLng_bf void); 

void hondlcJciac^tjgQilrng^bCvoid); 

TH1 = 0xF6; 
TLl=Ox6& 

if Cdev Jdi = DEV_A) /» «/ 

i 

fltawa_chec|t_aO; /* upda tc OFFJHOOK ud AL and DTE bjis V 

nja_Ujncrs.a(); /* ran any required timers now */ 

ir «(Dcvices[DEV_A] Active^Jtees^J & 0x04) =0x04) « 
(busy-OUIfDEV^A] « 1)) 

else 
{ 

if(handlc_diil_5ig!uaing_a0)( /• */ 

i r ((DcviccsfDEV_A] .Optionjife & 0x02) « 0x02) 
tnmk ta sigoaJitiB_aO: 

else 

I 

I /■ */ 

dcrJdJi = DEV_B; 

1 

else 
( 
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siatus_cb£cfc_aO; /* updaio OFF.HOOK and ALond DTE bits */ 
nin_Umcre_bO; /* rya any required timers now */ 



if («D6Vice$[DBV_B) j\£iive_S Jlcgs[T7J A OxTM) = (U04) II 
(bui>_our[DEV.B] = 1)) 
baiidk_lcasc.sigoaUng.bO: 
cite 
( 

if (haodlc_djtl_8igBallflg_bO) \ /* •/ 

if ((DcvicnfDEV JJ.Optiori^BiU & 0x02) = 0x02) 

else 

do_!oop_signaling_b(); ! M ■/ 

) 

} /• V 

dcv_icU = DEV_A; 

) 

I /* V 

/• suru8_cbcckO •/ 

f* This module checks the current hudwur bits to see if they have */ 

I* changed stales. V 



vaidfiUnis.cbtc)ea(void) using SIQNAL JtB ANK { 

wb 2/1095 »/ 
if ((DEVIC5_A_STATUS A LAL.A) )=0) { 

DEVA^LAL = 0; /♦ LAL is off*/ 

DEVAJ-AL = I; /*UU-ison*/ 

) 

srt> 2/30/95 */ 
if f(DEVTCE_A_STATU5 & OFF_HOOK_A) 1=0) { 
/»*&*&*/ 

DEVA.OH = 0: /♦ modem A is ON HOOK •/ 
}cl*( 
or\Jioak_» - 0; 

DEVA_OH»l; /» modem A i» OFF HOOK ♦/ 

J 

if (linc_cuircnt j) ( f 9 kc if line current needs Is active V 

DEVICC_AB_CTRL_COPY<t= -0-NC_A); i* line current ♦/ 
1 else | 

DEVlCE_AB_CTRL_COPY h LNC_A; /♦ no line current «/ 

) 

DEVTCE^AB_CTOL = DEVICE^AD.CHU^COPY; 
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void mius_ch«xJ^b(void) using SIGNAL_RBaNK ( 

srb2/iu795 V 
if ((DEVICILB_STATUS & UU) J- 0) I 

DE VBJJkL = 0: /* LaL is off/ 

DEVB_LAL=J; /*LALisoa V 

> 

if CfDH Vica-B.STATLTS & OFF HOCK_B) 1=0) < 
ao_hooV_b = 1, 

DEVe.OH s 0; /» modem B is ON HOOK </ 
)ctoc< 
onJhook_b = 0; 

^ DEVB.OH = 1; /* modem B is OFF HOOK V 

if (UnceurraULb) ( /* see if line current needs is active */ 
DEVICejVB_CTRL.CaPY &» -CLNCJ): /* Uoc amenl 
) else ( 

^DEVICE_AP_CTRL_COPYNlWC.B; (* no line cuncnt */ 

DEVIC£^B.CfRL - DEVICE_AB_CIRLCOPY; 

) 



/* run timers routines */ 
/* 

/• flagjtie it> «n (n*3) m* timer. To use, load tjme_aig */ 
/♦ with n-l and act flagjlg to 0. V 



void fun_liTncrs_a{void) using SIGNAL RBANK 
( 

if(Jflafc_sig_a) 
I 

if (flnier.6i&_8 1= Q) 
I 

limcr_aijL_»-; 

if (timeujjg_a = 0) 

{ 

] 

) 

) 

if (rine_cnablt_js) 
( 

if <ringjimcr - a 1= 0) 
rinR_iinier_a"; 
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( 

ring_rimer_a -RTNGJTOGGLE; 

if (flug_on_nag_a) 

{ 

DBVICE>B.CTRL_COPY RING^A; /♦ XOR wlifa ring bit V 
D£V1CE_AB_CTRL = DEV1CE_AB_CTRL_CQPY: 

if (ring^ofutimej 1=0) 
rin£_on_iim£_a-; 
else 
( 

riHE_on_limc_a « RTNG_OFF_TTME: 

) 

) 

ehe 
{ 

DEVTCE_AB.CTRL.COPY 1= RING_A; /* no ring */ 
DEVICE_AB_CTRL = DEVICE_AB.CTRJU.COPY; 

if (riag_co_ua>e_a != 0) 

ring_00_ttme_»-; 
else 

{ 

Ting_on_fl»gjo = 1; 
rin£_on_time_o = RINQ_ON_TXME: 

I 

i 

I 

} 

ehe 
( 

DEVICE>B_CTRt_COPY 1= R2NG_A; /* no ring V 
DEVICE_AB_CTO. = DEVICE^AB CTRL.COFY; 

I 

} 

void run_limccs.b(void) using SIGN ALJ&ANK 
( 

ifrm4g_siEj>) 
( 

if (timer..rigj> 1= 0) 

( 

timer_5ig_b--; 
if (dmet_sig_b *=m 0) 
I 

\ 

) 

) 

if (ring_enablcj)) 
t 
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lf<rin£_limcr_b 1=0) 
ritjgjimer_b"; 
else 
I 

ring_timcr_b = RJNGJTOGGLE; 
if (riogj5n_fl*gJ>) 

DEVICE AB_CTOL_COPY A « RING.B; f XOR witb ring bit */ 
DEVICeIaB.CIW- ° DEVtC^_AB_Cna.COPY; 

If (ring_on_time_b 1= 0) 
rioEJDiutiinO*-; 
else 



ring_on_nagj3 « 0; 
rint.orL-iimc_b = IUNG_OFF_TIME; 



else 

* DEVICE-AB_CTRL_COPY t= RINQ_£: /* no ring •/ 
DEVICELabIctRL = DEVICE_AB jCTRt.caPY ; 

if (ring_anjJme_b 1= 0) 

ri n t-on_dmc_b-; 
else 



I 



ring_on_flagJ> = t; 
rin£_onJiroeJ> • WNG_ON_TTME; 



) 

else 
( 



DEVIC£>B_CTRt_COPY 1= RING_B; /• no ring */ 
DEVICE JOJJCTRL = DEVia&j\B_CTRU_COP Y; 



void golo_jifle_a(void) { 
BvnlL^Ute.ft = T.EDLE; 
U _ftb(DEV _A] - QxB3; /» ON HOOK 

QCCSIGfDBV» * lx_Rb[DEV_Al; 
lim«r_iig_o = O; 

flagjig^a » O; /* don't run timer bcie */ 
riDg_ct»Ne_a = 0; /• no ring *' 
line ^cuTrcnLjft = 0; /• no Lint cuiront */ 



void {ota_of£_hoofc_B<void) { 
tnjnk_sute_* « T_OFF_HOOK; 
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*j)b[DBV>]»0x8f; /* OFF HOOK */ 

QCC.SIG[DEV_A] - »_ob[DEV _A]; 
rimer_6ig_D = 0; 

flafcjigjB * 0; /* don't ruo timer here */ 
rinp_cnibtc_a 0: /♦ no ri n£ *' 
line cunent^B el;/* line current */ 

I 

void toto_winO(void) f 
trunJL*lfllc_» = T_WTNK; 

xx ab[DEV = OkST; OFF HOOK */ 

QCCSICrDBV^VJ = tr_*blDEV_A}; 

tixocr.jrigja' * 100: /* 100*3 * 300ms timer *' 
llag_sig_* - 0; f* clear liraer done flag */ 
Tini_cnablc_a = 0;/* no ring •/ 
Uoe w curTcnt_a = I ; /* line current ■/ 

J 

void gocojde larval void) { 
trunkal = T_DELAY; 

U ab[DEV_A) = 0*83; f* STAY ON HOOK ♦/ 

QCCSIG[DEV_^] = u_ab[DEV_A]: 

Umcrjsig^a = 5B; /• 58*3 = 174m* timer •/ 
flagjjg_a — Q; /* clear timer dono flog */ 
rin£.cnabic_a = 0; /• no ring */ 
line_cuiTcnt_» = 0; t m no lipe current •/ 

void goto_ajertl_fl(void) ( 
crani^siaCc_ii = T_ALERT1; 

U_ab[DEV_A] - 0*8f; /* icnd s wink ¥/ 

DCC.SIG[DEV_A] = o_ibfDEV_A]; 

urocr_sig_» = 67; f* 67"3 - 201ms timer */ 

fla&_«is_ft - 0l /* clear timer done flag ♦/ 

ri ng_enab) e„a = 0; /* no rinfi 

linc^currcn(_ft » 0; /* no lino current */ 

) 

void goto_>Icn2j(void) { 
minl^sute_a = T„ALERT2: 

U abfDEV-AJ = 0»»3; SEND A 0FF ** 

QCCSIGlDEV^Al s t*jbfDEV_A|; 

omer_*ie~* * 8 *. /• re*Un 24 ms timer •> 

flafijiK_» = 0; t m clear timer done flag */ 

riDg_enaMc_a » 0; /• no ring 

Uno.currenue 3 0; /* no line current 

1 

void golo_»lert3_a(vaid) ( 
trunk ta suie_j> = T^ALERTJ: 

u BbpEV^A]s0&83; /* NOW RING THE PHONE */ 

QCCSIOpEV.Al <= U_ab[DEV_^]; 
limcr_5ig_ti = 0; 

flagj»l£_a = 0; /• don't run timer hcte •/ 
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rin£_on_flag_»~0; 
rina»oa.iimc_o » 0; 

ring__enablc_»=l;/* ring */ 
lioe_currcm_a = 0; /* no line currcm ■/ 

} 

void gou>.on.Une_*(void) [ 
twnk_*toie_a = T_0NJUNE; 
Oxjib[DEV-A] «= Ox8f; /* OFF HOOK 

QCC.SIGtDEV^A] = lr_ab[DEV_Al; 

flagjugja ■* 0; /* don't run timer here */ 
riDg^en*b]c_* = 0; P oo ring V 
Unc_curreflk_a = 1; /* line current */ 

} 

void goio_hang_upja(void) [ 
(ruruX.swj = T.HANG.UP; 
*>b[DEV.Aj « 0x83; /» ON HOOK 

QCC.SIG[DEV>] o ouib[DEV_A]; 
timcr_»ig»a » O; 

flag-fiiR-i * 0: /" don't run timer here •/ 
ring_enftble_» - 0; /• do ring *' 
Hne_curr«ni_» = O; /• no line current */ 

) 

voidgoto_dj»coni>cc(_e(void) t 
trunk_Jto£c_* * ^DISCONNECT. 
X_ab[DBV Ji] = 0*8f ; /* OFF HOOK 

QCCSIG(DEV_A] = U_ab[DEV_A]; 
tuner - Aiff_»=0; 

flag^iigji = O; /« don't run timer bore »/ 

ring_jenaMe_a ~ 0; /• no ring 

line correnua = 0. '* no hoc current •/ 

) 



voidvunK>ignaUnB„tCvold) { 
VtlJd_rab[DEV_Aj &= 0x02; 
was Jcascd[DEV_A] - O; 
switch(truoJc_stU6_a) { 
case TJDLB: /• TJDLE *' 
if(lon_hooX_a){ 

cUe if (valio^rebEDBV.AJ = 2) ( 
if ((Devictt[DEV_AJ.OptioTi Jits A 3) = 3) /• if wink kiwi... */ 
Soto_delay_«0; 
etoe 

gQio_alcn3_aQ; 
1 eUc ( 

goio_tdle_»(); 

I 
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break; 
cmsc T^OFFJiOOK: 
if(oruhooO){ 

) eUc if (valid_n»bfDEV_A] = 2) ( 
) 

break;- 

cue T.WINK: 

if (oiUhookLa) I 

\ clscif(flas_jiK_B) I 

) eUe if (valid_r»b[DEV» = 0) ( 
goiD_offJx>ok_«0; 

) 

break; 

Ca*c T„DELAY: 
if(v«lidjib(DEV^M = 0){ 

gotoJdle.aO: 
} cUc if (flag„rig_») { 
go(D_a]cnl_«(); 

) 

break; 

if (va^tmbODEV^A] — 0) { 
EQioJtJls_aO; 
) cite If (flt£^sig_a) { 

count__ri&_» = DevlccRlDEV».WiniL.Dly; C wiiik delay Omcr 

»/ 

goio_«lcrt2_a0; 

J 

break; 

case T_ALERT2: 
if (vaJidjrab[DEV_A] ===0) { 
gowJdlcjiO; 
} else if (fl*g_«g_aj I 
if (cognCw£_fl 1=0) 
coum_>ig_«-: 
else 

goio.aJcrt3_«(); 

•I 

break; 

cue T_ALERT3: 
if (vflU<Umb[DEV_A) == 0) I 
gotojdje_a0; 
J eUc if (loo.hookjO { 
gDto_on_Jmo_aO: 

} 
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Brett: 

c«ceT_ON_UNE: 
if (orubook^) | 
gaio_bm&_up_oO; 
j dsc if (vflIi(UBbfDEV_A) =0) { 
gou>_dlscoimect_»0; 

} 

break; 

cowTJlANa_UP. 
•ifCionJw»ok-D)( 

goia_oa_line_a(); 
| eke if (walid^ab[DEV_Aj =0) ( 

goio_idlc_Qt); 

} 

break; 

case T_DISCONNECT: 
if {on.hook_a) ( 

) else if (Vilid_rab(DEV_A} = 2) { 
goto_on_ll ne_a() ; 

> 

break; 



J 

) 

vend gotoJdtc.bCvcrid) f 
tmnk_staiejb = TJDLE: 

a_*b[DEV J5] = 0x83; /• ON HOOK */ 

QCC.SIG[DEV_B] => U_ab[DEV JJ; 
timcr_5iB_b = O; 

fla&_«&_b = °1 /* don't ron l * mcr hCTe 
ring_en*ble_b = D;/* no ring *' 
UnejcuneniJ* = 0; f* no line cuitem. *' 

) 

void gaifl_offJiockJ>{ void) { 

U_abtPBV J] = Oifif; /* OFF HOOK •/ 

QCC-SIG{DEV_B} = a_abPDEV_B], 

fl»g_«ifl_> ~ 0; /* don't run timer here V 
rinc_enablej> - O; /* oo ring *l 
Jjne.curretiLb o 1 ; /* lira current •/ 

J 

yotd goto_wlnk_b(voW) ( 
tnmkjute_b =T.WINK; 

PL.ab[DEV _fi) = 0x8f; /» OFF HOOK . */ 

QCC^IG[DEV J] = W.abtDEV^B}; 
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limcr_sigj> = 1 00; /• 100*3 = 300m« timer «/ 
ft*g_cig_b - Ol I* clear timer done nag V 
tingle nible_J> = 0; /* no ring *7 
linc_current.b = 1; /* line current */ 

> 

void gata_de|ay_fc(void) ( 
tryolc^utc^b s T.DELAY; 

n^abtDEVJ J =: 0x83; STAY ON HOOK 

QCC.SIG[DEV.B1 ° t*_«blDEV - B]; 
limcf_>ig_b = 58; /♦ 58*3 » I74niB timer 
ri8g_5j(_b =* O: /* clev tinier done flag */ 
rlng„cnifclc_b = O; /• no ring •/ 
linc.currcoub = O; I* no line current */ 

1 

void gato_akrti_b(void) [ 
inink_su*e_b = T_aLERTI; 
»_ab(DEV_B] = QxBf; /♦ scad a wink 

QCCSiGfDEVJJ -ix^BbtDEV.BJ: 
timer_iig_b - 67; /♦ 67*3 = 201ms timer 
flig_sig_b = 0; /» clear rimer done flag ♦/ 
rin£_eiwblc_b = 0; /• no ring V 
)ine_currenl_b = 0; I* no line current */ 

) 

void go*o_aJert2Lb(void) [ 
irunk_«ute_b = T_ALERT2; 
Lv.tbpEVJ J = Qi83; /• SEND A WINK OFF •/ 

QCC-SIG[DEV_BJ- bc v «b[PEVJB]: 
umcr_sig_b = 8; /* restart 24 ma timer •/ 
fUg-Mfc-b = 0; i m clear timer done flog ♦/ 
ring_cnabic_b * 0; /• no ring •/ 
Iine_cuncncb - 0: /* no line current *Y 

I 

void goto_*lert3_b(vnid) ( 
trunk_tstato_b ■ T_ALERT3 ; 

tt_ib[DEV_BJ = 0x83; /* NOW RING THE PHONE */ 

QCC.SK3[DEVJ9]= UjblDBVJft); 
timer_siiL-b ~ 

flifUStgJ) = 0; /» don't run timer bere */ 
ring_timer_b = 0; 
rina_on_nBe-b ~ 0; 
rios_on_unic_b = 0; 

ru»£^cnablc_b = 1 ; /* ring */ 
tine w currenub = 0; /* no lioe correal "/ 

) 

void goto.on^UneJxtvoid) { 
lrunk_3iAw:_b ^T_ON_LTNE; 

U_ah[DEV_B] = 0*8f ; /• OFF HOOK •/ 

QCCSIGfDEV^BJ « a.abfDEVJ); 
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fl*C^dt_b = 0: /• don't ran timer here */ 
rinB_coablo_b « 0; >* no ring V 
Itoe_cunrnL_b = 1; /* line current */ 

) 

void gotoj)io£_up_b(vaid) ( 
miolu>utc_b = TJiANQ.UP: 
t*jib[DBVJB] = 0x83; f* ON HOOK 

QCCSKJCDEVJ] - outb[DEV_B] : 
timcr^sig^b a 0; 

nojLAifiJb = 0; /• dan'i run Umcr bcit */ 
ririg_crttbic_b ■ ():/* no ring */ 
liDC_pimcnub = O; /* no line current */ 

) 

void goto_ditcocu>cct_b(void) { 
Drunk_8tate_b «= T_DISCONNECT; 
u_nbfDEV_Bl = Ox8C; OFF HOOK 

QCCSIG[DEV_B] = u_ab[DEV_£); 
rimcr_9ig_b = 0; 

flag_«ifi_b iOj/* doa'c run timor here *l 
ringjertthie J> = 0; /» no ring ■/ 
linD_curranLb - 0; /* bo line current ■/ 

) 



void tnjnk^tign alio g_bf void) { 
vmlid_rab[DBVJBJ &=0x02; 
«w_lcMed[DEV_B] « 0; 
6wiichfmiRk_6ialt_b) { 
cmc T.IDLE: f* TJDLE */ 

if (l«l_hOQt.b) [ 

jott>_ofl_haok_bO; 

J 

else tr(valid_wb[DEV_B] = 2 J | 

if ((Do«iccs[DE V_BJ.Option_Bils & 3) = 3) /* Jf wink sum... 
goto_dclay,bO; 
else 

goiojIerU-bO; 
1 eUe ( 

gotojdJe_b0; 

) 

break; 

ca$cT_OFF_HOOK: 
if(onJiookJ01 
BoioJdle_bO; 
J c\sc if (valiiOabpEV JB] s> 2) { 
golo_^nok_bO; 

} 

brcaki 

case T_WINK: 
if(onjwok^b) { 
goio_kJIc_b(); 
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) else if (flo(t_sig_b) | 

ffQio_on_line_bO; 
) else if (vaii4^rab[OEVJQ] = U) ( 

tfoto_aflf_hoofcJ>0: 

J 

break; 

cue T_DELAV: 
if (va!id_rah[DEV _BJ = 0) ( 

BOioJOltJ>Q\ 
}elicif(flag.8it.b) f 

Boro_tlcrtI_bO; 

I 

break; 

ciscT^ALERTl: 
if (vaJuLrabIDEV_BJ = 0) f 
goio_id]c_bO; 
}el»eif(n*t-ai£_bJ f 

counL*i&_b = Devices [DEVJBJ.Wink_Dly; /* wink dolsy timer 

•/ 

) 

break; 

case T^AUERTZ; 
if (valid_jabfDEV_B] =0) | 
gotoJdIOO; 
}elseifmagjl£_b){ 
if (counCwgJ> 1= 0) 

counLsig-a-; 
else 

eolojUcn3_b(); 

) 

break; 

case T_ALERT3; 
if{vq«d_rabfOEVJ)=:0)| 
gaoJdleJbO; 
) elwtif(lQnJjook_bj [ 
goio_onjinej><); 

J 

break; 

case T_ON_LNE: 
if (on_hook.b) ( 
goto -hang_up_b( ); 
} cUe if (vaJieUibfDEV^Bl = 0) ( 
goto_disconjiccij}(); 

} 

brcuk; 

era T_HaNG_UP: 
if (lonjwokjj) ( 
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goto_onjinc_b(); 
} else if (vaHd_Rb[DEV_B] = 0> | 
goioJdlcJbO: 

) 

break: 

c«cTJ)ISCONNECT; 
If (cnJiooK.b) { 
BoioJdlB_bO; 

J eUc if (valid_rab[DHV_B] » 2) ( 
Botp_on_linO>0; 

J 

br«k; 



} 

i 

void huidlcjeai.x_slgna]ing_a(vald) using SIGNAL JIB ANK ( 
u_*b(DEV_A] = tfcgf; /• tend loop cloture, robbed bit aigntliog */ 
QCCSIO[DEV_A) = «^b[DEV_A); 
timer_«ilU* = 0; 

flag_*ig_« = 0; /* don't run timer heir •/ 
ring_enable_a => 0; /• no ring •/ 
Jine_current_a = 0; /* no 1 i nc current V 
wasJcvcdPEV^) a 1; 



void handle Jca»_8igrtalina_b(void) tmng SIGN ALJtB ANK { 
u_«b[DEV^B] s 0x8r; /* tend loop closure, robbed bit signaling */ 
QCCSiarDEV.BJ = tt_ib[DEV_B]; 
umcr_3ig_b s 0; 

fla£_cf e_b - 0; /* don't ran timer here ♦/ 
rinc_cnablc_b = 0; /♦ no ring */ 
lit»e_eurr«n_b s 0; /• no line current ♦/ 
wasJeaaed[DEV_B] - 1; 



f* do_loop_^igoaiingO •/ 
/* This module performs the loop/ground elan signaling staie *f 

/* nwehine* •/ 

v« input - walid_Tatitdcvice] = XXXX ABCD ■/ 

t 9 ourput - valid_nb [device] = XXXX X(B)(AXHS) •/ 

/• where B = B signaling bit */ 

f* A = A signaling bit */ 

/" MS = HOOK SWITCH (on hook = 1, off hook = 0) m f 

void doJoop_signaJing_a(void) using SlONALJtBANK ( 
uchar temp; 
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was_Uascd[DEV_A) = 0; 
timet = 0; 

fl»&>ifL a a 0; /* don't run timet here */ 
temp » C»»li<LribfDEV_A] « 1) f onjiouk.a; 
/♦ ACC = ixxx xB-A-HS •/ 

dwitrhCicmp) ( 

cvcO: /♦ END OF RING 

u_tb(DEV^A] = QxBFi /* send loop closure •/ 

QCC.SIG(DEV_A) *U^ab[DEV.>]; 
/* send_tone_l «=0; /» •/ 

rint-cnablc.o = 0; /• no ring */ 
linc.eurrenLe = 1 ; /• Itoc current present */ 
break; 

ewe Ql ; /* ONHOOK, RING V 

U^ablDEV^AJ » 0x87; /♦ send loop open -/ 

QCC.SlGfDEV^] = u w ob[DEV_Aj: 
ring_liincT_a - 0; 
rin£_an_nag_g = 0; 
ring_on_|inMi„» = 0; 

ring_enable_a => 1 ; /* ring •/ 
1ine_curreoUi 51 0*. no line current V 
break; 

c**c 02: /• NO TIP GROUND, OFF HOOK '/ 

U_ab[DEV_A] = 0x83; /« send ring ^ound */ 

QCC.SIG[DEV_AJ « U_ab[DEV_A]; 
rine^onftble^ = 0; /• no ring •/ 
line_currenU* ~ 0; f* no line current */ 
break; 

cmc 03: /* NO TIP GROUND. ON HOOK V 

U_Ab[DEV_A] = 0x87; /* send loop open •/ 

QCC.SIG[E>EV_A1 s ix_abtDEV_Aj; 
rinftjenable^a sD;/' no ring */ 
li ne_currcm_i = 0; /* no line current •/ 
break; 

case 04: /* OFF HOOK V 

ix_ab[DEV_A] = OxBt; /» send loop open */ 

QCC.Siaff5EV.Aj = U_ib[DEV 
rin£_errab]e.3 = 0; /■ no ring *J 
line_cufTent_a » ) ; /* li at current */ 
break; 

case OS: /* ON HOOK, NO RING •/ 

tt_eb[DEV^A] = 0z87; t* send leap open */ 
QCCSIG[DEY_» = a_ab[DEV_AJ: 
rint-cnabfc ja = 0; /• no Ting ♦/ 
linccurrenija 3 O; /• no lire current */ 
break; 
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caacflft r NO TIP GROUND, OFF HOOK*/ 

*_ab[DEV_>] = 0x87; /• Bcrid loop open V 
QCC^IG[DEV_A] = tt_*bp)EV»; 
cing^tnflblc_o = 0; f* soring */ 
line_cunet«ji = 0; /* no line current */ 
bretk; 

cue 07: /• NO HP OROUND. ON HOOK */ 

u_at>[DEV_A] = 0x87; /• tend loop open */ 

QCCSIOfDEV^A] - t*_4b[DBVjV]; 
rint.cmble^B = 0; /* no ring ♦/ 
liDc_cuireni_a = 0; /• no line current */ 
break; 



I 

) 



void doJoopj»tHntltngJ>(void) using SIONALJIB ANK ( 
achat temp; 

was Jeued[DEV_B] = 0; 
uroer_aigJ> = 0; 

flBfiJHC-b bO;/* don't ran timer here •/ 
temp = (valid_^MDEV_B] « l) I oO°okJ>; 
^ACC*xxxx*B-A-HS 

switch (temp) { 

cueO: f* END OF RING 

U_Bfa[DEVJS] = Oi8f; r send loop cloture 

QCC.SK3(DEV_B] = tx.abfDEVJ]; 
/* send_coflc_l = 0; /• 

rint.en»b?c_b = 0; /■ no ring */ 
line_currenij> = 1; /* lino current present */ 
break; 



cweOI: /♦ ON HOOK. RING */ 

DO»b[DEV JJ] * 0x87; /* send loop open */ 
QCCSIGIDEV3I = tx^brPEVJ); 
rin5_tiiner_b - 0; 
nnB-on_fl«t_b = 0; 
ring_on_umcJ> = 0; 

rinej=n*ble_b = 1: ring */ 
line_current_b = 0; /* no line current */ 
break; 

cue 02: /♦ NO TIP GROUND. OFF HOOK V 

tt_nb[DEV_B] = 0x83; /* lend ring ground */ 
QCC£IG[DEV3] =tx_4b[DEV_BJ; 
ring_ccablc_b - 0; /• no ring *' 
line_curreou_b = 0; /* no Mne current */ 
break; 
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case 03: /* NO TIP GROUND, ON HOOK */ 

U_ai>rDEV_£] = Ox87; /♦ send loop open V 

QCC^IGIDEVJJ = u.ab[DEVJJ; 
ring.cn*blc_b = 0; /* no ring •/ 
liDc_cnnciO » 0; /* no line anient */ 
break; 

cmc04: /♦OFF HOOK •/ 

u_*b[DEV_B] = Ox8f; f* send loop open */ 

QCCSIG[DEVJ] =cx_&b[DEVJl|; 
ring..eoabIe_b • 0; /* tioring •/ 
Unc_cufrent_b =» 1 ; /* line current •/ 
break; 

C4sc 05: /♦ ON HOOK, NO RING */ 

U_abfDEV_B) = 0x87; /* send loop open V 
QCCSia[DEV_P) " U_flb[DEV_B]; 
rin&_enable_b = 0; /* no ring */ 
linc_eurrentji = 0; /* no Hoc currrm */ 
break; 

ca«s 06: /* NO TIP GROUND. OFF HOOK •/ 

oc_ab(PEV^B]=0x87; /* B end loop open '/ 

QCC.SIGIDEVJB] « U^blDEVJJ; 
rin^enable_b = 0; /* do ring */ 
UoccurrenU) « 0; /• no line current */ 
break; 

cue 07: /* NO HP GROUND, ON HOOK */ 

a_ablDEV_B] e 0x87; /* icnd loop open V 

QCC.SIG[DEV_B] = R_ab[DEV_B]; 
ring_enabic_.b = 0; /* poring */ 
line_curremj> » 0; /■ no line current */ 
break; 



) 



) 



t 


hindle_djaJ_signalinffO 


*/ 




I 


This module checks to sec if we oecd lo check 


w t 




► 


the atgntling itotc machine. 


V 




1 


reium(l) if dcw true 


V 





/* 
/* 
/« 

ucbar haxidJc_d!iUjigiulinE-B(void) using SIGNAl^JtBANK { 



UChar temp; 

uchv ebock.hook_«uie_a(void); 
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P temp = ra.«bIDEV^A];*/ 
/* temp =irmp» ] :•/ 
/*CY»BSIG;*/ 
/*ASIG = CY;V 
/»temp = ACC&03;*/ 
/• ictnp &= 0x03;"/ 
/■ D = temp:"/ 

temp = rxj»[DEV_A] & OxOc; 



f* ACC » OOOO OOBA 



/* AOCsOnx lABA 



/• ACC =MFxxx ABCD •/ 
/* ACCsOxxxxABC */ 



/»rx_jb = Box ABCD*/ 



•/ 



temp = (((temp » 2) I temp) » 1) & 03 ; /* temp = 0000 OOBA ♦/ 
if (temp 1° cuneiujsb.a) { 

c orrciit _rab_» » temp; 

rab_count_»= 1; 

if {checfc_hoflk_stele_aO) retum(l); 

relunitO); 
) else if (rab_count_» =« 3) { 
if (cbcckJioo|^sute_ftO) rtaim(l); 
return(0): 
] rise | 

++r«h_coant_a; 

if (fAb_cOunt_B = 3) ( 

Y*]id_nb[DEV_A] = cuncnL-rabji; /* OO0O OOBA ♦/ 
rrtmn(l); 
)eUc( 

if (<*tdc_hesok_f tate_oO) i*tum(l); 
rcUmi(O); 

1 



ucbar faoncUe.<UBi^signaliD2 b b(void) wing SICNAL.RBANK { 
u char temp; 

ucbar ctacckJnoOiaic-bCvoifl); 



temp = (((temp » 2) I temp) » 1) & 03; I* temp * 0000 OOBA */ 
if (temp t« cuneni_rib_b) I 



r»b_comO = 1; 

if (ehccl^boolutfatfiJiQ) return(l); 
rciwn(O); 
) cUo if (rtb_count_b » 3) ( 
i f (chccfcJioofc.ittieJX)) retumC 1 ); 

Jcl«( 

++rab_couaU>; 

if (rabjcoutO = 3) | 



/* temp <s cc _ah[DEV^A];*/ 
/• temp = temp » I ;•/ 
/♦ CY = BSIO;*/ 
/* ASIQsCY;*/ 
/*tcmp«ACC&03;*/ 
/* temp &= 0x03;*/ 
/* B s temp;"/ 

temp = n^ib[DEV_3) & 0*0c; 



/• ACC = 0000 OOBA 



/• ACC = 0uuiABA 



/* ACC e MPux ABCD «/ 
/♦ACCeOuuxABC V 



/* n jib -= Fjuw ABCD V 
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valid.f ah |DEV_B ) = curT*il_rab J>; /• 0000 OOB A V 
retura(l): 

if (chock Jiook^stotEL.bO) renimCl); 
rclum(0J; 



uchv checkJiooOUUc_»(void) using SIGNAL_RBANK ( 
if ((on Jwok_a) * (prcy_on_hook_&)) { 
prcv_cm_hook_a = aruhoolc^a; 
rctum(l); 

I 

eluif (flsg^i^) 
rcwxn(l); 
cUc 

rctam(O); 

) 

uchwchecl^»Kxik^suu*_b(voW)«EUigSlONAUJ<BANK { 
tf ((oojwokj)) * (pcev^oDjwolc.b)) ( 
pn?v_on_hock_b » on_Jiaok_b; 
rctuni(l); 

1 

else if (flag-SiE-bJ 
rcturnO); 
else 

xcturn(O); 

) 
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Program modified 12/2(^94 lo fit DHM 




#pregma SB OT(5) NOIV DB CD PUSO) 



Includes 



tiocludc <ctypc^i> 
WncludccMX51.il> 
#includc<Bbsacc.h> 
^include <intrint.h> 
tiocludc cdmdph> 

#incrude"LVWDEF.H D 

/t Constant Definitions */ 

/* took out ring ituff */ 

#defino FALSE 0 
#define TRUE IFA^SE 

/• Externa] Routine* »/ 

extern void baclcgrotiDdjackCvoid): 
♦define b*cfcgrouna_lD 1 



extern UCnar data n_abI2],a_ab[2]; /* note move to sigruJ.c V 



extern xucftar no^L.aIarii^2)jing_mi^s^larm[2]^u-^drap^lamI2I^wcr_up_alarn^ 
extern xuchar no_dl_n)armed(2) jiDg_n^alanne4[2): 
extern xucbar no.dUalnvclr[2iTing_n8^lm^cl/[2] l dir - .drop_aIm.df(2]; 
extern xuchar incon^ng^caJI[2]^ffJiock^w[2],(^l_coTincctrd[2]; 
extern xuchar diaUtt(cinpt[2],»ns.aQempDl2]; 
extern xuchar lo«d_iiJann l load_alin_clr,lojdL*Ivnicd: 
extern xocbar oltLdtrf2][2]: 



/****& 1 2/20/94 >rb*/ 
/•cxicro xdan devicc_re£s lO[4];*/ 
/•A&AeV/ 

extern bit requei^flx3b^^MOn^p*re_coftlcwid.Teady_3_umie_^jjafit; 
extern bit re*dy_for_«oXt j«ge,flasb fc jdone_and_OK t flaah ta .dono_andlBAD; 
extern xdau UChar rx.buTfcrf 25fi], COMMJ-OCK; 

Khar data •ponaJJD.bytr; /* pointer 10 pass infatuation to other prom. */ 



/♦ start srb 1/13/94 V 



extern SNMPLong uptime; 



extern wfcar ovcm_byU;{2][23; 



/• alarm bit definition* */ 



/* end Brt> 1/13/94"/ 



extent bit twitch_2Jwe*; /* L2V19 



01/29/2004, EAST Version: 1.4.1 



55 



5,671,251 

56 



m. -is- mum u-.u motomu isc ipd tei :5ot 339 7 <i» 



P. 11(15 



extern fcdaia UCharID_bytc; 

extern bilMUXjLOOP; /• MUXJLOOP controlled by MFO TEST */ 

extern unsigned char DEVlC^AB.CrRi^COPY; /• IMAGE of HARDWARE pari •/ 

extern xaau Modem DevjccsQ; /* «rty of structure* of devicw of rypc modem */ 

extern code unsigned char niAW_2 w AJaw Q; 

extern code unsigned char AUVwl2_uUw Q : 

cztcro code unsigned char tablc_dmw 0; 

EXUChar r»_oomia_bufTn; 

extern void stetoF_chcckfUQwr dev. nun. UChar »de«t roinier); 
EXUChar deselected; 

/•EUChirdala rinfc_enable[2]*/ 



- Global Variable Definitions - 



static uchxr data dmw_a,dmw_b; 
/• rdeta struct timer ringjtQggiclA; */ 
/• xd»U struct Urncr rin£_ipgg|e_B; ♦/ 

extern bit DEVA.ABJiUS, DEVA w uAJ>CM ( DEVAOAL; /* A bus ■ 0, oLtw = 0 LAL = I */ 
extern b.t DEVB-AB JUS. DEVB.uAJ^CM. DEVB JAL; /♦ A bus = O ta = 0.'laT= 1 V 
extern bit DEVA,OH,DEVB.OH,DEVA_DMW.OEVB - DMW; 
extern bit aupcr_&amc; 

'* Interna) Function DccLgraiiaat */ 



void EXOJSR(void) , 
voidEXUSRCvoiU); 



- Data Storage - 



data unsigned int Turner : j9 ^ 

unsigned char data temp: 

ea tern data Ufm pfige.eount; /• defined in Iv jwrse */ 
UInt rnodcm_chcclL3um; 
UChar byie_Pounc 

bil rnadcm0^wcrup_b*d,modcail_pawcTup bad: 
bit slop.BBBC; 

/♦-. . Interrupts . — - — .«/ 

* Name: FUNCtkm EX0_IStt() - B-BUS 

* Purpose; interrupt jervjee function for 8052 externa) inl I 

* Input: none 

* Function: 
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■ Output; none 
* 

* Scope: none 
» 

• Hiiiory: 
•/ 

/* BUS -B interrupt 

void EXOJSRO InUirupt 0 using 1 

unsigned char data temp 1 ,lcmp2; 

iflDEVB^BJuS) /•iiKxfcrnB.isoobuaBiiE^ 

'* ^nxeivcdagDatoB bits •/ 

ten»pl = QCC DATA[DEV_B1; * 
/•AA4& arfa 12/20/94 V 

lwnp2 =» DEVJCE fi 1NTRP- 

- - , 

" * contxoW b, MFGJTEST V 

/^^^ " W /• pcrfam ^ )oop *, 

else 

( 

if{DEVB_DMW) 
I 

terap2 » tatAcjdmw[(dmwJhH-)%^]- 

if(DEVB_uA_PCM) ,* cheek ibr A Uw encoding •/ 

*™*} """J?*?* „ '* « cn bits to determine table index »/ 

tempi = ^W.2.ulawltempll; /• convert to u Uw value V 

^-^- 2 ^ WitC Z 2][ ^^vattoALawtablcvalueV 

QCCDATAfDEV = iemp2: 
/ - 4AA&srbi2/2<V94V 



J 

I 



DEVIOULBmP = temp J ; /- QCCJUC -> CH-A CODEC 



i j(DEVA_AB_B US) /■ modem A. ia on bus B jjg./ 

QCCSIQfDB^A] o U_ab[DEV_A]; /' put b *gDalm B biu V 

tempi « QCCDATA[DEV^A1; 
/*AAA& trb 12/20/94 */ 

te*np2 s» DE VICE^AJNTK? 
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" ,MW ^y /• MUX.LOOP enrolled by MFC.TCST ., 

^ 44i DEVlCEjVJKlW = l co,p2 ; /'prrfonnnKto.loop./ 

cite 

{ 

if(DEVA.DMW) 
{ 

iftDEVA_aA,PCM) p check for A Uw encodiflfi 

• ^ ' ' even bits to get A Uw data */ 



QCC.DATA(DEV_Aj = temp* 
,-U* A ** Via ^~ JKrRP = '* QCCiOC -> CH-A CODEC 



I /* end Ei.tcroi]_IniO */ 



Nam* FUNCtion EXl_rSR<) - A - BUS 
Purpoic: interrupt service luncqon for «052 external rat 1 
Input: none 
Function: 
Output: hods 
Scope: none 

History: 

r 

n BUS - A inurmipt 

void EX1_ISR() interrupt 2 using 3 

unsigned cbai dau templ,iemp2; 

I ~ ^ ' '* modem A, is on bus AjJs*/ 

if (OCC.SIO[DEV_A] A 0,80) ( 
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n^ablDEV^AJ = QCCSIG[DEV^T; 

) 

QCC^IG[DEV_a) = u.ab[DEV_AJ* 
tempi = QCODATA[DEV^l; 
«rb 12/2004 •/ 



gei received signaling biu */ 
/* put u lipuling bits */ 



/•AAA* fit 12/20/94 V ; 
else 

( 



/• MUX_iOOp controlled by MFG.TEST •/ 
/* perform modem loop */ 



if (DEVA_DMW) 

( 

icmp2 = tablc_jdmw((dmw_a++)%8j; 
lfCDEVA__uA_PCM) 
temp] DxSS- /* 

|«W^ W -^ WII « /^oavottoAUwubU value V 



/• check lor A Law encoding •/ 



I 

/VfcAAA irb 12/20/94 */ 
) 

) 

ifdDEVfl.ABjuS) 

rx.ibfDEV^B] = QCC^XGfDEV Bl 
QCCSIGfDEVJJ) « ouibfDEvlB]; 
letup 1 =QC3C.DATa[DEVJB1* 
/• AAAA cib 12/20/94 •/ 

iemp2 e DEVICE BJTNTRP- 
/♦AAA**/ ^ ' 

f 

i/(DEVBj>MW) 
( 

temp2 = table_dmw[(dmw_>t-l-)%8): 



/*QCC.RX->CH-AOODBC 



f* modem B. Is on bus AjjgV 

/* get received signaling bits 
/* pu» u signaling biu ♦/ 



/* MUX. LOOP controlled by MFG_TEST •/ 
/* perform modem loop •/ 



if(DEVB_ W A_PCM) 



P check for a Law encoding V 
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lempI-sOtSS! 

tempi »ALAW_ij,] iwfttni .,/ " rev « b "»"»4elemutw table index «/ 
^"MUJNI*.^ -QCCRX^CH-ACODEC , 



) 
I 



i /• cod ExteroaUntl •/ 



/ " Main Module . v 

— ***";■ — 

void raain_uck() *****•«••*•**■•*•»«*•, 

chardiU 'dp; 

void *tii_f6r_re»a(voidj; 

extern bit NinkJtag; h 
extern xuchar JDjbytt; 
void w«nn_fiwn^vDid); 

™ ODe nMODA0x0F)|0x20- ,« ■ 

TLl=Ox6E; Jl* */ 

TRl = i ; >*j<P •/ 

ET1-1; /- j<P "/ 



PCON^PcONIOxgfJ: /*SMOD«l 

RCAP2H = OrFF 
RCAP2L=r0xEO; 
T2CON = Qx34; ' 
SCON = 0x50; 
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REN = J; 
PCON=OxOO; 



ITIbI; 
no = 1; 



MUXJNTA = EDGE TRIQOERBD 
MUXJNIB o EDGE TRIGGERED 



*/ 



QOC_925 cbip initialization 
ROM»Q; 

SYSTEM-RESET =1; 
/*BANXJ5W_ENaBLE - 0; 



COMMENTED 1/30/93 JNM •/ 



BANIU) = 0; 
BANX_1 =0; 

QCCSETUP=QxDO; 
QCCCONFIG[0] = Qx40; 

QCC.CDNFIGfl] = Qt40; /* now boih on bus A V 

/* &&&& begin */* 

lx_ab[DEV_A] = 0*8f; /♦ jip initial state for u AB bits */ 

U_»b[DEV_B] » 0x8f; /* jtp initial state for tx AB bits ♦/ 

QCCSIG[DEV_A) = tx_abfDEV_A}; /* jtp changed to 0x80 was 0x8f */ 
QCCSirJ[DEV_BJ » Dt^«b[DEV^] ; /• j© changed to 0x80 was 0*8f */ 

nc.abfDBV^Aj ■ 0x81; 

rx_abfDEV_B] = CU8t; 

vaIidjabpEV_A| -0x03; 

vdi(Lmb[DEV_3] = 0x03; 

*asJca*ed[DEY_A)= I; 

wasJcasedtDEV^B] = 1; 
/♦AAAAeod*/ 

DEVICE^AB^CrRI^COPV = RINGED I SEI^A I RJNO_A; /♦ note KJNGLA active 

low 

DEVICB_AB - CTRL.COPY 1= DIGITAL^A; /* defaoh A to MDP mode */ 
DEVICE. AB_CTRl<_COPY 1= DiGlTAL.B; /• default B to MDP mode V 

DBVICE^AB.CTRL - DEVICE_AB.CTRL.COPY; /* IMAGE TO HARDWARE V 

sri> 12/20/94 V 

temp « DEVICE_A_COMM; /* dummy read to clear MSG_ AVAIL */ 
temp = DEVICE_B_COMM; /* dummy read to dear MSG_AVAJL */ 



/♦ 


if (CH_SEt J 0 AA CH.SEL^A = 0) 


/♦ i channel loaded 


/♦ 


devjoaded = 0; V 






/♦ 


else If (CrLSELJB =0 &<& CH.SELJV«= 1) 


/* 2 channels loaded 


•/ 


/» 


dev_loaded = l; */ 






t* 


el£fi if (CH_SEL_B = I CH.SEL^A «= 0) 


/• 3 channels loaded 


*/ 


/* 


devjoaded o 2; */ 






/* 


eUo if (CH.SEL^B = 1 &ACH_SEL_A « 1) 


/* 4 channels loaded 


•/ 


/• 


devJoq4eds3; ♦/ 
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IP - 0x05; /* make INTRP interrupts high priority so data doesnt slip 10/27/94 9:59 PM 



tie 



•/ 

*/ 



EXl-l; /• ENABLE EXTERNAL INTERRUPT 1 
EXO = I ; l* ENABLE EXTERNAL INTERRUPT O 

f* This code vu addoj to insure a gracefttf transition after eoftload 
/" 1/ the serial port luirmjpt enable is a/ready enabled tbco we were 
/* inthcbootcodedolftfiajofHoad. We need to inwre thai the 
/♦ OSS ID byte CpomUD byie is NOT which means thai there is 
/• is modem soft pages ip follow. 
if(ES — ]j ( 

2X0 = °- /'QCC interrupts «/ 

EX1 =0; 

portaUD_byte = QxFF; /* if ID_bytc != 'ALL' is then rccet V 
ID.byte = 'porta! JD_byic; 
if (♦ponaJ_ID_byte 1= «0') j 
wait_for_jraciO; 

} else f r XP_by» = 'ALL' ♦/ 

/• was flash bad at powenjp77 «/ 
/ tkip_BBBC=i: /' doot ask modem for checkeum «/ 

pau»e(0,2O00): /* givc Umc for pTD/ACfC/EDT V 

prepue_<oftlDad = I; /* go erase modems •/ 

) 

f* ES=X; /* moved lononvol */ 

EA = 1 ; 



/* sian 1 1) 3/95 srb - initialize alarm sniff here*/ 
up time J word = 0; 

rvo_dL_alann[0J = 0; no_dl_alami[l] c 0: 

ring^no_ans_aiarm(OJ =0; rin£_nD_ins_alannfi] =0; 

dtr_drop_al arm[0J = 0; du.drop_alarm[l J b 0; 
/• powcr_up_alann = J; /* moved to mmvol 

incoming_call[0] = 0; incomin£j:aJJ[l) =0; 

offJioDkLnow(0] o 0; off_honk_now| 1 ] = 0: 

no_dt_aJarmed[0] = 0; no^uUarmcd[I] »0; 

rinfi_J»a_ftlanDedlOJ • O; riri£_jia_a!armcdfl] « o ; 

no._d[_airn_c1r(0] = 0; M_dt_*ln\.clrflJ «0; 

ring_ria,alm^elrjoj = 0; rintt_na_alm_c]rMJ - 0; 

dtr_drop_alm_chr|0] =» 0; dn-_drop_ J alia_cb-(l] - 0; 

calljconncctcdro] = 0; caJl^conaectcdll J s 0; 
diaLattempt(0J e 0; di&l_aticmpt( 1 ] = 0; 
ans.aocmptfO] = 0; ans_aUrmpt("l] = 0: 
]ood_oJarm ofl; lnudLalmjclr s 0: laad_alarmed - Q- 
old_dtr(0J(0l = 1 : old_dtrlO][l) = 1; 
old_dir[l]f0] = UoldLdirUHl) = J: 
/* end 1/13/95 Kb V 
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blinkjlog = I; 
pauae(0,IOOO); 
blmfc_flag=0; 
PO WERJ-ED «* LED.ON; 
dpsOxFE; 

if(»dp=Qx5S)( 
•dp S3 CD; 



/* this is initialized in boat to S5 •/ 

/• if idsu CFE) =s 55 we've never ■/ 
/* asked the modems for a checksum V 



i* ir(Lt«tbiUskip_BBBC)){ /♦ don't ask modem for checksum 

if (nud_jnodem_chec|uum(Q)} ( 
modemO^powenip.bad » 1; - 

i 

if txe«LTTkodcm_chcckauzD(l)) [ t m 
raoderal__powemp bads]; /• 
) /« 



*/ 
*/ 



) 



If OnodernO_pofvenip_bad II modem l^powerupjud) I /* ooc is bed •/ 

QCCLOCAX-VIEW = ATTENTIONJIEQUEST: 1/13/95 art ■/ 
roqucKt_fla*tuwwion ~ 1; /♦ if checksum tails don't V 

JocWiCOMM_LOCX); /* tun onylhing else */ 

) else ( f* botb OK, sUrt nonvol tusk •/ 

re&et.cukCAdociTgrouncLtuKbackerDund JD); 
) 



paucc(O,20OO}; 
while (I) ( 
/•added 12/19 



if L«eslbitiswitcru2Jx»t)) f 
oortaJ_U>_pyiB = OutFF; /♦ pass ID.bytc through panoJ 
*por»LJDJjyie = ID.byte; 



pause(0,5on); 

EA =0; 
B ANK_S W JENAB LE - 0; 



CY = 1; 
warm„sumO; 



/» give time for PTD/ACK/EOT 



/■ end of idded 12/19 */ 
if OoohxtJprcpaie_toftlo«J)) ( 
pTcparc_modcm w .4_K»ft]oadO: 

If (_tcilbi!_(reedy_2_wriie_ajiflge)) { 
wriie_«*_,pegeO; 



f* Force to zero so that boot 
/* code will have access to flash*/ 
/* B ANK_SW_ENABLE = 0 (Dash) 
f B ANK^SWJNABLB = 1 (IO) •/ 
/* Jump to BOOT code •/ 
/* wum jt«t(CY = D) H^SH */ 
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/?ii^- B - bytc(unsisncd char u ""en=d char x) ( 
/♦AAA* *rb 12/20/94 */ 6 J1 

if (dev^O) 

( 

Device_A_caMMex; 

wtule ((DEVICE^TATUS A MSGJUCjg 1= 0); 

else 
{ 

DBVICEJLCOMM = i; 
} whiic UDEYICEJ.STA7US A MSG.RXJi) |= Q) ; 

/•A&*i*y 

/•&&AA 5*12/20/94*/ 1 
if (cfcv=0) 

I 

whiNfDEVlCE^STATUSAMSG AVAIL_A) = 01- 
^ fCTUm COEVICB^COMM); ~ J ' 

else 

{ 

whiIt({DEVICej_STATUS & MSG_AVAEL B) = 0) 
return (DEVICEJ^COMM); 

/•A&AA*/ 

1 



y " rcadjiiodcm_check$umO 



/* p ^ ^ modcm win nQl ron unril the con *<»«« */ 

£ m ' ^ 8cqucQcc to *» » « 

,« ° DWS< V 

/• -aitc (0«BB)co modem *' 

/• write (0*BC) to modem * 

/• ^utfofcchoofOxBB ' 

/* wait for echo of OxBC ' 

/• waj for checksum byte (SS = B ood. 0*AA = BAD 



r .u bad it will «oy in the boot code until w e stan the scfihwd */ 
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I* command 
/* rwumCDfoll 
/* retumCO)pajs 
/»**** 



bit rcad_modcm_chccksmD(Uaiar device) ( 
UCbar temp; 

/♦AAA&gib \U2Qf9A*f 

if(device = 0) 
{ 

KDip = DEVICE^COMM; (* DUMMY READ V 

^J^S2T" 0xBB; /'rcqucaichcckium from modem. -/ 

DEVTCE_A_COMM«0*BC; /* requcai cbectsum from modern ./ 



= 0); 



while 0) ( 

wbiJe((I)EVICE_A_STATUS & MSO_AVAIL_A) , 
if (DEVICE.A.COMM = QxBB) | 

whUettDEVIC^Aj TATUS & MSG AVAIL A) = 0y 
ir(DEVICE^COMM = 0xBC)f ~ 
whife((DEVICE.Aj5TATUS A MSQ>VAI1^A) =0}- 

temp - DEVICtA_COMM; ,* thi 9 li'checteum V 

OTCfiJQ 



) 



I 

I 

) 

die 
I 

temp = DEVICELB_COMM; C DUMMY READ V 

while (CDHVICE_B_STATUS & MSG RX.B) 1= 0) /• 
DEVICE__B_COMM*0xBC; ^ rcqW .Jicctamm fti^m modan 

whik (I) { 

whUc((DEVICEJ_STATUS A MSG AVAlLJ) «0V 
if (DEVICILB.COMM = OxBB) ( " 

whilcUDEVICE^STATUS&MSG^AVAIL B)^ CH- 
IT (DEWCE.B.COMM = CUBC) [ 
while((r>EVIC£JLSTATUS ft MSG.JWAJL B) = 0); 

temp « DEVICE_B_COMM; /• xhia is checksum 

break; 



V 
»/ 



i 



if (temp =0*55) [ 
rctum(O); 
) else | 



/♦ GOOD CHECKSUM 
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J 

void prepiic^nodein b .4.softlDBd(void) { 
void writc_i.bytc(unttgncd cbir dev, unsigned char x); 
unsigned cbtr rctd^OyWurtfigtcd chir dcv); 
cvicm *ucbar ED_byu ; 

If (irnodernO__powcnip_bad&& (modem l^towerup.bad) { 
wai:(ACOMM_LOCK); /♦ wait for Access lb commons k */ 
lock(&COMM JUOCK); /* set semaphore to zero so no one else no tccess ■/ 

) 

if 0D.bytB = '0' |J ID J>yte = *2' II ID_by^ = 3 ) I 

if (roodcmO_j»wcnip_bad) ( 
wrilejU)yte(O 1 0i55); /* device 0 length •/ 

wito_a_byte(0 i 0i5S); /» fiuneric »/ 

J else ( 

Wnte.8_byte(0.0xQ2); /* device 0 length 

write_*_byte(G.0x30); /* generic 

wriic_A.hytc(O.OnFF); /* softload •/ 

rcid_Oyte(Oi; /■ read response 

rcad_t_bytcrO): f* tcid response 

r 

pail se(0, 1000); 

wriie._aJ>vic(D.0jU0); /♦ length MSB 

wte_a_byte(0.0j l OO); /* length CSB 

write_4_byte(0,0x00); /■ length LSB 

) 



*/ 



If (ID-byU = tr II ID.byic = 7' II ID_byu> = 
if (modem l_powerup_bad) { 
wfltc_Oyu(1.0x55); (* device 1 length •/ 

wriie_a_byte{ 1,0*55); f* generic V 

Jelief 

write_a_byte( 1,0x02); /* device 1 length •/ 

wri te_a_by te( 1 ,0x30); /» generic */ 

write_a_byte(1.0xFF); /• softload V 

rcad_4_bycc(l); /• read response */ 

iead_B_by[e(l ); /+ read response •/ 

i 

pausettUOQO); 

wrile_a^byle<l,0Kl0); /- langlh MSB */ 

wriK.f^byie(l,0KO0); length CSB •/ 

wril£_jL.byte< 1,0*00); /• length LSB */ 

I 

modenucbecksum = OiOOOO; 

pmfie(0,&00G); 

byto_couni ■ 0; 

p*Rc_counl =0; 

ready _for_ioft_page - 1; 

y* QCC.LOCALVIEW = ATTENTION JIEQUEST: 1/1379S nb •/ I* move to NONVOL.C module •/ 
I 
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void urrius_a_p»gc(votd) 
i 

void ww^jfaj^escKvoid); 
extern xuchar DD_bytc; 
bit do_niadcnL.l ,do_rnodcn\_2; 
UChar i f tcmp.byu; 



trmp = « j3ufTer[RX_LEN>3 ; 
ifOCbytfl — »ff (1 ELbyt© = 'T II ID.bytc = *30 

dflLTDOdcmJ e 1; 

else 

do_jDodem_l = 0; 

if OD.bytc — 'O' | IDJjyu = *T II CD_byie ~ *4") 

do_modcnx.2 = 1 ; 
else 

do_modeTTu2 = 0; 

for (i = 0; i c ccmp: [ 
byle = rxJ>uffcr[RX JCCD + i + 2); 

if (do_madcm_l ) /* both modems or 1 */ 

write_*_by te(0.by le); 

If (dojnodem_2) /* both modems or 2 */ 

wrii£_flj>yie(l .byte); 

-H-byie_coimt; 
if (by te.couDt — 0) 
■H-page.caunt; 
if (p«x*_caunt >= 0x200) ( 
nuxtenucheckium += -(rx_buffer[RX_XCD+i+2J); 

1 

) 



if(rx^bufftr[RXJCCCH-l] = 0) ( 
modcm.check»uro -= 1; 

if 0D_by» — *0' II ID_byit = '2* II IDJbyte '30 ( /• both modems or 1 V 
vrite_Oytt(0.(modcm_chcctsum» 8)); 
wriit^»_byte(0.(modem_chw;ksum & OxOOFF)); 
if(ieadjJ>yie<0)==0x5S) 

modemOjjowerup^bsd a O; 

modcmOjjowenjp.bad = 1; 

} 

if (IELbyte = 'O' I) ID_byte = 1' I) IP_byie = '4') | /* both modems or 2 a J 
wriic_ft_byu( 1 ,(modcm_chcck*urn » B)); 
wrilB_a_byrB(1 ,(modem_checxeum & OxOOFF)); 
if (rcod_»_byic(1) « 0x55) 

modem l_powenipJ>id = 0; 
else 

modem 1 _powemp_bad m 1 ; 

) 

if (lrnodero0_powcrupjwdj && Imodeml jwwcrup^lwid) ( /* if DOTH pasa */ 
rMdy_for_sofLjiago = 0; 

floa»Ldonp_ood_OK = 1; /• forces DA5S - 1 •/ 
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/* QCC.LOCALVIEW = ATTENTION JtEQ UEST; 1/13/95 srb ♦/ /♦ move to NONVOLC 

module */ 

p*usc[0,500); I* give time for DASS/ACK/EQT ♦/ 

wait_for_x«etO: 

}clse( /* if EITHER fails */ 

rcady w for_coft^pagc » 0; 

11 un_donc_uKLBAD « li /* force* DASS - 0 */ 
/• QCC.LOCALVIEW = ATTENTI ON^RE QUEST. 1/13/95 Sfb •/ /• move to NONVOL.C 

module ♦/ 

pawc(O.5Q0); /* give time Tor DASS/ACK/EOT V 

wtiiJbrjcseiO; 

I 

J else ( 

_nopj(): 

/* re*dy w for.«ofi,j»gc = I; V 

) 

/♦ QCC.LOCALVIEW - ATTENTTONLREQUEST; /* move to NONVOL.C module */ 
I 



/• This module disables iniemipts mid waits in a Qgtit loop for ttic •/ 
/• wtich dog (o reset the board. */ 
void wtit_for_rejet(void) ( 

EA = 0; 

while CD; 



} 



code UChu- Ublc_dmw Q = ( 

Ox 1 E.OxOB.OxQB.Oxl&Ox^E.OkBB.OjiaB j0x9E 

1; 
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We claim: 

1. A data communications device selectively operable in 
at least one of a plurality of operating modes, the plurality 
of operating modes including a first operating mode and a 
second operating mode, the data communications device 
coupleable to a terminal and to a communications network 
of a plurality of communications networks for transferring 
data between the terminal and the communications network, 
the plurality of communications networks including a first 
communications network and a second communications 
network, the data communications device comprising: 

a controller; 

a data pump coupled to the controller; 
a first codec coupled to the data pump; 
a second codec; 

a first interface circuit coupleable to the first communi- 
cations network; 

a second interface circuit coupleable to the second com- 
munications network; 

a first switch coupled to the first codec, to the second 
codec and to the first interface circuit; and 

a processor coupled to the controller, to the second codec, 
to the first interface circuit, to the second interface 
circuit, and to the first switch, the processor responsive 
to a first command signal of a plurality of command 
signals to selectively configure the data communica- 
tions device for operation in the first operating mode 
for communications through the first communications 
network and to selectively configure the data commu- 
nications device for operation in the second operating 
mode for communications through the second commu- 
nications network. 

2. The data communications device of claim 1 wherein the 
first codec is a linear codec 

3. The data communications device of claim 1 wherein the 
second codec is a non-linear codec. 

4. The data communications device of claim 1 wherein the 
second codec is a mu-law PCM codec. 

5. The data communications device of claim 1 wherein the 
second codec is an A-law PCM codec. 

6. The data communications device of claim 1 wherein the 
first communications network is a public switched telephone 
network. 

7. The data communications device of claim 1 wherein the 
second communications network is a digital communica- 
tions network 

8. The data communications device of claim 7 wherein the 
digital communications network has a Tl interface. 

9. The data communications device of claim 7 wherein the 
digital communications network has an El interface. 

10. The data communications device of claim 7 wherein 
the digital communications network is an Integrated Ser- 
vices Digital Network (ISDN). 

11. The data communications device of claim 1, wherein: 
the first communications network is a public switched 

telephone network, the second communications net- 
work is a digital communications network, the first 
interface circuit is an analog interface circuit, the 
second interface circuit is a digital interface circuit; and 
wherein 

the processor is responsive to the first command signal of 
the plurality of command signals to produce a first 
control signal of a plurality of control signals to the first 
switch to couple the first codec to the analog interface 
circuit, the processor being further responsive to a 
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second command signal of the plurality of command 
signals to produce a second control signal of the 
plurality of control signals to the first switch to couple 
the first codec to the second codec, whereby the data 

5 communications device is configured in an analog 
modem operating mode when the first codec is coupled 
to the analog interface circuit, and whereby the data 
communications device is configured in a digital 
modem operating mode when the first codec is coupled 

10 to the second codec. 

12. Hie data communications device of claim 11 wherein 
the processor is further responsive to a third command signal 
of the plurality of command signals to produce a third 
control signal of the plurality of control signals to the 

15 controller whereby the data communications device is con- 
figured in a terminal adapter mode for the processor to 
transfer data through the digital interface circuit to the 
digital communications network. 

13. The data communications device of claim 12 wherein 
20 the first codec is a linear codec and wherein the second 

codec is a PCM codec. 

14. The data communications device of claim 12 wherein 
the processor further comprises a microprocessor and a 
digital multiplexer. 

25 15. The data communications device of claim 12 wherein 
the data pump further comprises a programmable digital 
signal processor. 

16. The data communications device of claim 12 further 
comprising an input port coupled to the processor and 

30 coupleable to a user interface for entry of the first command 
signal. 

17. The data communications device of claim 11 wherein 
the processor is further responsive to predetermined analog 
signalling information and to predetermined digital signal- 

35 ling information. 

18. The data communications device of claim 17 wherein 
the processor, in response to predetermined digital signalling 
information from the digital communications network, pro- 
vides corresponding simulated analog signalling informa- 

40 tion to the controller. 

19. The data communications device of claim 17 wherein 
the processor, in response to predetermined analog signal- 
ling information from the controller, provides corresponding 
simulated digital signalling information to a digital network 

45 20. Hie data communications device of claim 17 wherein 
the predetermined analog signalling information comprises 
a ring signal, line current, off hook, and loop bits, and 
wherein the predetermined digital signalling information 
comprises A and B bits. 

50 21. A data communications device selectively config- 
urable as an analog modem, as a digital modem, ox as a 
terminal adapter, the data communications device cou- 
pleable to a terminal and to a communications network of a 
plurality of cororminications networks, the plurality of com- 

55 munications networks including a public switched telephone 
network and a digital communications network, for trans- 
ferring data between the tenriinal and the communication 
network, the data communications device comprising: 
a controller; 

60 a data pump coupled to the controller, 
a first codec coupled to the data pump; 
a second codec; 

an analog interface circuit coupleable to the public 
$5 switched telephone network; 

a digital interface circuit coupleable to the digital com- 
munications network; 
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a first switch coupled to the first codec, to the second 
codec and to the analog interface circuit, the first switch 
responsive to a control signal; and 

a processor coupled to the controller, to the second codec, 
to the analog interface circuit, to the digital interface 5 
circuit, and to the first switch, the processor responsive 
to a first user command signal of a plurality of user 
command signals to configure the data communications 
device as the terminal adapter and thereby transfer data 
from the controller through the digital interface circuit 10 
the processor further responsive to a second user com- 
mand signal of the plurality of user command signals to 
produce the control signal to the first switch to selec- 
tively couple the first codec to the analog interface 
circuit or to couple the first codec to the second codec, 1$ 
whereby the data communications device is configured 
as the analog modem when the first codec is coupled to 
the analog interface circuit, and whereby the data 
communications device is configured as the digital 
modem when the first codec is coupled to the second 2 o 
codec. 

22. The data communications device of claim 21 wherein 
the processor is further responsive to analog signalling 
information and to digital signalling information. 

23. The data communications device of claim 21 further 2 g 
comprising an input port coupled to the processor and 
coupleable to a user interface for entry of the first user 
command signal and the second user command signal of the 
plurality of user command signals. 

24. The data communication device of claim 21 wherein 30 
the processor further comprises: 

a distributed switch coupled to the first switch, the dis- 
tributed switch providing the control signal to the first 
switch to selectively engage the analog interface circuit 
or the second codec; and 35 

a digital multiplexer coupled to the analog interface 
circuit and to the digital interface circuit to receive 
analog signalling information from the analog interface 
circuit and to receive digital signalling information 
from the digital interface circuit, and to transmit analog 40 
signalling information to the analog interface circuit 
and to transmit digital signalling information to the 
digital interface circuit 

25. The data communications device of claim 24 wherein 
the processor, in response to digital signalling information 45 
from the digital communications network, provides corre- 
sponding simulated analog signalling information to the 
controller. 

26. The data communications device of claim 24 wherein 
the processor, in response to analog signalling information 50 
from the controller, provides corresponding simulated digi- 
tal signalling information to the digital communications 
network. 

27. The data communication device of claim 24 wherein 
the analog signalling information comprises a ring signal, a 55 
line current signal, an off hook signal, a loop signal, and 
wherein the digital signalling information comprises signal- 
ling bits. 

28. A method of selectively operating a data communi- 
cations device in at least one operating mode of a plurality 60 
of operating modes, the plurality of operating modes includ- 
ing a ter minal adapter operating mode, a digital modem 
operating mode and an analog modem operating mode, the 
data communications device coupleable to a terminal and to 

a communications network of a plurality of communications 65 
networks for transferring data between the terminal and the 
communications network, the plurality of communications 
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networks including a digital communications network and 
an analog communications network, the method comprising: 

(a) receiving data from the terminal to form received data; 

(b) selecting said at least one operating mode to form a 
selected operating mode; 

(c) converting the received data to terminal adapter format 
data when the selected operating mode is the terminal 
adapter operating mode and transferring the terminal 
adapter format data to or from the digital communica- 
tions network; 

(d) modulating the received data to form an analog 
modem signal when the selected operating mode is the 
analog modem operating mode or when the selected 
operating mode is the digital modem operating mode; 

(e) routing the analog modem signal to the analog com- 
munications network when the selected operating mode 
is the analog modem operating mode; and 

(f) digitally encoding the analog modem signal and rout- 
ing the digitally encoded analog modem signal to the 
digital communications network when the selected 
operating mode is the digital modem operating mode 
has been selected 

29. The method of operating a data communications 
device of claim 28 further comprising: 

(g) responding to analog signalling information and to 
digital signalling information. 

30. The method of operating a data communications 
device of claim 29 wherein step (g) further comprises: 

(gl) simulating analog signalling information from digital 
signalling information received from the digital com- 
munications network; and 

(g2) simulating digital signalling information from analog 
signalling information for transmission over the digital 
communications network. 

31. The method of operating a data communications 
device of claim 28 wherein the selection step (b) further 
comprises: 

(bl) entering a user command signal of a plurality of user 
command signals. 

32. The method of operating a data cormnunications 
device of claim 28 wherein steps (e) and (f) further com- 
prise: 

providing a control signal to selectively engage the analog 
communications network or the digital communica- 
tions network. 

33. A method of selectively operating a data communi- 
cations device in a digital operating mode or in an analog 
operating mode, the digital operating mode or the analog 
operating mode having been selected to form the selected 
operating mode, the data communications device coupleable 
to a terminal and to a communications network of a plurality 
of communications networks for transferring data between 
the terminal and the communications network, the plurality 
of communications networks including a digital communi- 
cations network and an analog communications network, the 
method comprising: 

(a) transferring data between the terminal and the data 
communication device to form received data; 

(b) modulating the received data to form an analog 
modem signal; 

(c) routing the analog modem signal to the analog com- 
munications network when the selected operating mode 
is the analog operating mode; and 

(d) digitally encoding the analog modem signal and 
routing the digitally encoded analog modem signal to 
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the digital communications network when the selected 
operating mode is the digital operating mode. 

34. The method of operating a data communications 
device of claim 33 further comprising: 

(e) when the selected operating mode is the digital oper- 5 
ating mode, in response to digital signalling informa- 
tion from the digital communications network* provid- 
ing corresponding simulated analog signalling 
information to the terminal, and in response to analog 
signalling information from the terminal, providing 10 
corresponding simulated digital signalling information 
to the digital communications network. 

35. A data communications device selectively operable in 
an analog modem mode and in a digital modem mode, the 
data communication device coupleable to a terminal, and 15 
coupleable to a public switched telephone network or to a 
digital communications network, the data communication 
device comprising: 

an analog modem coupleable to the terminal; ^ 
a codec; 

an analog interface circuit coupleable to the public 
switched telephone network; 

a digital interface circuit coupled to the codec and cou- 
pleable to the digital communication network; and 25 

a switch coupled to the analog modem, to the codec and 
to the analog interface circuit, the switch responsive to 
a control signal to selectively couple the analog modem 
to the analog interface circuit or to couple the analog 
modem to the codec, whereby the data communication 30 
device is operable in the analog modem mode when the 
analog modem is coupled to the analog interface 
circuit, and whereby the data communication device is 
operable in the digital modem mode when the analog 
modem is coupled to the codec. 
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36. A data communications device selectively operable as 
an analog modem, as a digital modem, and as a terminal 
adapter, the data communications device coupleable to a 
public switched telephone network and to a digital commu- 
nications network, the data communications device com- 
prising: 

a data pump, the data pump having a PCM codec inter- 
polator; 

a linear codec coupled to the data pump; 

an analog interface circuit coupled to the linear codec and 
coupleable to the public switched telephone network; 

a digital interface circuit coupleable to the digital com- 
munication network; and 

a controller coupled to the data pump and to the digital 
interface circuit, the controller selectively providing a 
first control signal of a plurality of control signals to the 
data pump to selectively operate the data pump in an 
analog mode and engage the linear codec and the 
analog interface circuit the controller further selec- 
tively providing a second control signal of the plurality 
of control signals to the data pump to selectively 
operate the data pump in a digital mode and to engage 
the digital interface circuit, whereby the data commu- 
nications device is operable as the analog modem when 
the data pump is in the analog mode, whereby the data 
communications device is operable as the digital 
modem when the data pump is in the digital mode, and 
whereby the data communication device is operable as 
the terminal adapter when the data pump is not in either 
the analog mode or in the digital mode. 

***** 
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